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1. Introduction
O 3 is a  m in o r co n stitu en t o f  th e  a tm o sp h e re . It is m a in ly  
d is tr ib u ted  in th e  s tra to sp h ere . M ax im u m  c o n cen tra tio n  o f  
O 3 o ccu rs  a ro u n d  25 k m  a ltitu d e .
F arm an  e t a l [ \ ]  f irs t re p o r te d  th e  d ra m a tic  d ec rea se  o f  
o zo n e  co n cen tra tio n  at A n ta rc tica . A fte rw ard s , it w as  v e rifie d  
by  d if fe ren t in v es tig a to rs  th ro u g h o u t th e  w o rld . It is a lso  
o b se rv ed  th a t O 3 co n cen tra tio n  d ec rea se s  g ra d u a lly  w ith  
sm a lle r  am o u n t in th e  o th e r  p a rts  o f  th e  w o rld  ex cep t 
A n tarc tica . D iffe ren t th eo rie s  h a v e  b een  p ro p o sed  b y  d iffe ren t 
in v es tig a to rs . In  th is  p ap e r, w e  h a v e  p re se n te d  th e  ch em is try  
o f  O 3 d ep le tio n  in d e ta il. T h e  e ffe c ts  o f  o zo n e  d ep le tio n  on  
o u r  e n v iro n m e n t a re  a lso  p re sen ted .
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2. M e a s u re m e n t o f  a tm o s p h e r ic  o zo n e
T here  are  severa l m ethods and  instrum en ts used  to  m easure  
th e  to tal ozo n e  con ten t and  its p ro file  w ith  altitude  g enera lly  
in D obson U nit (D U ), w hich is one thousandth  o f  a cen tim eter 
o r in ozone partia l p ressu re  o r in ozone  m ix ing  ratio . 
G ro und -based  o bserva tions use tw o bands o f  so la r UV 
rad ia tions— one a lm ost unaffec ted  by ozone and the o th e r 
strong ly  ab so rb ed  by ozone. M easu rem en t o f  the ra tio  o f  
in tensities o f  these  tw o  b ands a llow s one to  ca lcu la te  the 
am oun t o f  ozo n e  th rough  w hich  the sun ligh t has been  
transm itted . S a te llite -bo rne  instrum en t reco rds b ack sca tte r 
on re ilec ted  so la r UV rad ia tions. S o lar B acksca tte red  UV 
Instrum en t (S B U V ) and  T o tal O zone M app ing  S p ec tro m eter 
(T O M S ) are  a t w ork  aboard  n im bus-7  sa te llites, SB U V  
p rov ides in fo rm ation  o f  both  to tal ozone  and  its d is tribu tion  
w ith  a ltitude . T he to ta l ozone o v e r the  en tire  g lo b e  is m ap p ed  
on a daily  basis. T he recen t m easu rem en ts, de tec tion  and  
observation  o f  ozo n e  w ith  d iffe ren t instrum er\ts at d iffe ren t 
sta tions th ro u g h o u t the w orld  arc  b rie fly  d iscu ssed  in th is 
section .
O bserva tions by b a llo o n -b o rn e  ex p erim en t and  D obson  
sp ec tro m e ter w ere tak en  a t D akshin  G ango tri, A n tarc tica  
du ring  1988-89. It is repo rted  th a t in S ep tem ber-O ctober, 
1988, ozone dep le tio n s w ere  m uch  less p ro n o u n ced  than  
those  o ccu rred  du rin g  a s im ila r p e riod  in 1987 [2]. T he 
m eteo ro log ica l tech n iq u es, th e  p ro file  and  B ow en ra tio  
techn iques and  ed d y  co rre la tio n  tech n iq u es  are  used  to  
de te rm ine  the flux  o f  o zo n e  in a M aize  cro p  th ro u g h o u t the 
g row ing  season  o f  it in 1987. It is o b se rv ed  th a t the  pro file  
techn ique  u n d eres tim ates  th e  fluxes o f  O 3 by  40% . T he 
fluxes o f  O 3 d e te rm ined  by  the  m o d ified  B ow en  ra tio  
tech n iq u e  and ed d y -co rre la tio n  tech n iq u e  w ere  nearly  th e  
sam e [3]. M easu rem en t o f  O 3 con cen tra tio n s at various 
he igh ts above  and  below  the  canopy  o f  a  m atu re  slash  p ine  
fo rest 18 km  n o rth est o f  G ain sv ille , F lo rid a  show ed  th a t the  
O 3 concen tra tio n  n ea r the  g ro u n d  w ere  s ig n ifican tly  d iffe ren t 
from  those  o b ta ined  in and  a round  the can o p y  [4]. Surface  
O 3 m easu rem en ts  a t B andung , w est Java , Indonesia  fo r the 
pe rio d  D ecem b er 1986 -  D ecem b er 1988 show ed  the 
sig n ifican t d iu rna l m ax im um  (35 p p bv ) o ccu rr in g  a t noon , 
m in im um  (3 .5  p p b v ) a t n ig h t and  d iu rna l average  is 17.5 
ppbv . M ax im um  O 3 co n cen tra tio n s o ccu r ea rlie r  in w et 
m on th  (M arch ) th an  in d ry  m on th  (Ju ly ) [5 ]. D obson  
s p e c t r o p h o to m e tr ic  to ta l  o z o n e ,  U m k e h r  a n d  E C C  
ozonesonde  O 3 vertica l d is tribu tion  w ere  observed  in B oulder, 
C o lo rad o , in A pril 1990 w hen  s im ila r ob se rv a tio n s w ere  
m ad e  q u as i-s im u ltan eo u sly  w ith  a  g ro u n d  based  N O A A  
S E U V -2 , S N -2 , sa te llite  O 3 in s trum en t a t the  B all co rpo ra tion  
research  and  m an u fac tu rin g  facility  in B ou lder. D ata  ob ta ined  
from  B all co rp o ra tio n s  an d  N A S A  w as u sed  to  assess
lab o ra to ry  ca lib ra tio n s  o f  th e  S B U V -2  in s tru m e n t [6 ]. A 
g ro u n d  b ased  h igh  p o w e r d iffe ren tia l ab so rp tio n  lid a r  system 
w as u sed  to  m easu re  s tra to sp h e ric  o z o n e  concen tration  
p ro file s  from  20 -25  km  a ltitude . It is lo ca ted  a t an  elevation 
o f 2 300  m in the  San G ab rie l M o u n ta in s, S o u th e rn  C alifornia, 
since  Jan u ary  1988. It is co m p a red  w ith  S A G E  II satellite 
da ta  [7]. T he  G O M O S  (g lo b a l O 3 m o n ito r  b y  o ccu la tio n  of 
s ta rs )  in s tru m e n t c o m p r ise s  o f  a  te le sc o p e  feecling  2 
sp ec tro g rap h s , m o u n ted  on  a  d ed ica ted  s te e rab le  p latform . 
T he em m ittan ce  o f  th e  a tm o sp h e re  2 5 0 -6 7 5  n m  can  be 
m easu red  by  c o m p arin g  th e  sp ec tru m  o f  a s ta r  o u ts id e  the 
a tm o sp h ere  and  th ro u g h  it. T he  tan g en tia l co lu m n  o f  O 3 is 
d e te rm in ed  b y  its U V  and  C h ap p a is  b a n d  a b so rp tio n  [8 ]. It 
has been  o b se rv ed  from  b o th  th e  S A G E  (stra tospheric  
A eroso l and  G as E x p erim en t)  an d  o zo n eso n d e  m easurem en t 
tha t th e re  is a  red u c tio n  in O 3 o f - 0 ,5 %  p e r  y e a r  u p to  1989 
at m id -la titu d es  o f  N o rth e rn  H em isp h ere  [9]. A t th e  2  finish 
E M A P  b ack g ro u n d  sta tions o f  A h ta ri (fo re s ted  s ite )  and  Uto 
(an  o ffsh o re  is lan d ) ozo n e  m easu rem en ts  sh o w ed  th a t the 
m ean  O 3 levels w ere  re la tiv e ly  h ig h , w ith  m ax im u m  m onthly  
va lues o f  41 and  42 p p b , re sp ec tiv e ly  th a t o cc u rre d  in April 
a t bo th  sites n early  irre sp ec tiv e  o f  w in d  d irec tio n  poin ting  
to  a g lobal fea tu re . S u rface  u p tak e  is an im p o rtan t sink  in 
the local O 3 bu d g e t e sp ec ia lly  d u rin g  la te  sp rin g , sum m er 
and  early  au tum n . C h em ica l losses a re  m o re  e ff ic ie n t in the 
w in te r w hen  the  g ro u n d  is co v ered  by  sn o w  [10]. T h e  nitric 
o x id e /o zo n e  ch em ilu m in escen ce  te c h n iq u e  w as u sed  to 
m easu re  the reac tiv e  N O /N O Y  sp ec ies  b y  th e  N A S A  high 
altitude  A R -2  a irc ra ft and  th e  d es tru c tio n  o f  O 3 through 
ca ta ly tic  cyc les  b y  reac tiv e  C l sp ec ies  is d e sc r ib e d  [ 11 ]. 
C hem ilu m in escen ce  o f  th e  o zo n e  reac tio n  w ith  C o u m arin  47 
abso rbed  on  silica -ge l w as u sed  to  m easu re  th e  stra tospheric  
and  tro p o sp h eric  o zo n e  c o n cen tra tio n s  [12]. D iu rn a l and 
seasonal v a ria tions o f  ozo n e  w ere  sh o w n  in a  su b u rb an  area 
o f  V allado lid , Spain  from  M ay  1988 to  1989. It is reported  
tha t d iu rna l varia tio n s are  a ffec ted  b y  te m p e ra tu re  an d  solar 
r a d ia t io n s  N O  a n d  N O 2 p r e c u r s o r s  a f f e c te d  o zo n e  
co n cen tra tio n s in a ir  [13].
A  c ry o g en ic  F o u rie r tran sfo rm  sp e c tro m e te r  (F .T .S .) 
d ev e lo p ed  fo r lim b em issio n  m easu rem en ts  in th e  m id  IR- 
reg io n  from  b a llo o n -b o rn e  p la tfo rm s is a  ra p id  scanning  
in te rfe ro m ete r u s in g  a  m o d ified  M ich e lso n  a rrangem en t 
a ch iev in g  a  spec tra l re so lu tio n  o f  0 .0 4 /cm . T h e  tra c e  gases 
C O 2, H 2O , O 3, C H 4, N 2O , H N O 3, N 2O 5, C IO N O 2, C F 2CI2, 
C FC I3, C H F 2CI, C C I4 an d  C 2H 6 w ere  id en tif ied  in  the 
m easu red  spectra . T h ese  g a se s  a rc  im p o rta n t in  th e  O3 
ch em is try  an d /o r c lim ate  [14]. F ro m  th e  f ie ld  s tu d y  of 
su rface  ex ch an g e  o f  N O x  o v e r  g rass  o n  H a lv e rg a te  M arshes 
in th e  U .K . th e  m easu rem en t o f  v e rtica l concen tra tion  
p ro file s  o f  N O , N O 2 an d  O 3, th e  m ea su re m e n t o f  m om entum ,
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heat and O 3 f lu x es  b y  e d d y  c o rre la tio n , it w as rep o rted  th a t 
NO2 co n cen tra tio n  d e c re a se d  w ith  h e ig h t d u e  to  su rface  
uptake and  s im u lta n e o u s  g a s  p h ase  ch em ica l reac tio n s . 
I iiider n ig h t tim e  c o n d itio n s  w ith  low  O 3 co n cen tra tio n s , th e  
influence o f  c h e m ic a l re a c tio n s  on  O 3 f lu x es  w as im p o rtan t
[ 1 5 ]. In th e  r u r a l  s o u th - w e s te r n  U n ite d  s ta te s ,  O 3 
concentrations a b o v e  1 0 0  p p b  w e re  re g u la rly  o b se rv ed . It 
was reported  th a t th e  m ax im u m  O 3 co n cen tra tio n  o ccu rred  
in the S u m m er a n d  th e  m in im u m  in th e  W inter. It w as 
concluded th a t i f  s tra to sp h e ric  O 3 h av e  a  s ig n iflcan t in fluence  
on the h igh  O 3 d ay s , it sh o u ld  b e  ea s ily  d e tec ted  in th e  
Spring. O zo n e  p h o to c h e m ic a lly  p ro d u c e d  in u rb an  a reas is 
transported to  th e  s ite s  b y  th e  p rev a ilin g  w inds. T he L os 
Angeles B asin  is th e  m a jo r c o n tr ib u to r  to  th e  O 3 ep isodes 
in the ru ral a re a s  o f  th e  S o u th  W este rn  U n ited  S ta tes  [16]. 
The d e v e lo p m e n t o f  th e  Im p ro v e d  L im b  A tm o sp h e re  
Spectrom eter (IL A S ) fo r m ea su rin g  th e  O 3 co n ce n tra tio n  
vertical p ro file s  fro m  th e  a d v a n c e d  E arth  o b se rv in g  sa te llite  
IS d iscussed. It in c lu d es  a  M O S  lin e a r  sen so r an d  u ses th e  
sun as a ligh t so u rce . L im b  A tm o sp h e re  IR  S p ec tro m e te r 
(LAS) c o m p rise s  o f  a  so la r-o ccu la tio n  lim b  senso r, an  IR 
.sensor and  a  m u ltic h a n n e l sp ec tro sco p ic  senso r. It w as used  
to m easure th e  s tra to sp h e ric  O 3 co n cen tra tio n s  in th e  low  
latitude n o rth e rn  h e m isp h e re  in A p ril 1984. It w as rep o rted  
that the to ta l co lu m n  O 3 is less o v e r  th e  P ac ific  O cean  and  
it is m ax im um  at a lo n g itu d e  o f  9 0° [17]. E C C  o zo n eso n d e  
m easurem ents o f  th e  v e rtica l d is tr ib u tio n  o f  O 3 and  a ir  
tem perature a t P o in t B arro w , A la sk a  d u rin g  Jan u a ry  16 -  
April 19, 1989 sh o w ed  th a t o u t o f  33 so u n d in g  m ad e , 17 
m easured to ta l O 3 a m o u n ts  o f  400-531  D U , 13 m easu red  
350-399 D U  to ta l O 3 and  1 m e a su re d  3 0 4  D U  to ta l O 3. T w o  
sounding d id  n o t a tta in  h ig h  en o u g h  a ltitu d es  fo r e s tim a tio n s  
ol total O 3. B u t to ta l O 3 am o u n ts  in w in te r  an d  sp rin g  in 
A n tarctica  in re c e n t y e a rs  h a v e  ra n g e d  125-275  D U . 
S tratospheric a ir  te m p e ra tu re s  o v e r  P o in t B arro w  w ere  n ev e r 
colder than  --70°C  a n d  w e re  o ften  as w arm  as -5 0 ° C  [18]. 
The C ry o g en ic  L im b  A rray  E ta lo n  S p e c tro m e te r (C L A E S ), 
a instrum ent o f  th e  N A S A , U p p e r A tm o sp h e re  R esearch  
Satellite (U A R S ) is u sed  to  m easu re  s tra to sp h e ric  a ltitu d e  
profiles o f  te m p e ra tu re , p re ssu re , c o n cen tra tio n s  o f  O 3, H jO , 
CH4, N 2O , N O , N O 2, N 2O 5, H N O 3. C IO N O 2, H C l, C FC -11 
and C FC - 1 2  s in ce  1991 [19],
T he N A S A  a irb o rn e  d if fe re n tia l ab so rp tio n  lid e r (D IA L ) 
system is u sed  to  m e a su re  th e  la rg e -sca le  v a ria tio n  o f  O 3 and  
aerosols in th e  su m m e r a rc tic  tro p o sp h e re  [20]. V ertica l O3 
profile m e a su re m e n ts  w ith  b a llo o n -b o rn e  sen so rs  in th e  
A rctic d u rin g  Ja n u a ry  an d  F eb ru a ry , 1990  sh o w ed  th e  
repeated m in im a  in th e  2 2  k m  reg io n  su g g es tin g  ch em ica l 
ozone d ep le tio n  [2 1 ]. V ertica l o zo n e  d is tr ib u tio n s  above 
P re to r ia ,  S o u th  A f r i c a  m e a s u r e d  b y  D o b s o n
S p e c tro p h o to m e te r  a re  p re s e n te d  fro m  1 9 6 5 -6 8 . T h e  
v a riab ility  o f  O 3 a t d iffe ren t a ltitude  is d iscu ssed  [22]. A  
sp ec tro sco p ic  m e th o d  u sed  fo r d e te rm in a tio n  o f  a tm o sp h e ric  
o zo n e  u sing  Ind igo  d isu lfo n a te  so lu tion  is d iscu ssed  [23]. 
F ifteen  vertica l o zo n e  p ro file s  m easu rem en ts  on  su n n y  
w iid le s s  days in A u g u st, 1990 b e tw een  4 3 0  m  an d  2 2 0 0  m 
ab<)ve th e  sea  level on  the  m o u n ta in  K an in  in S loven ia , 
s h i l l e d  an  increase  o f  O 3 co n cen tra tio n s  from  th e  m o rn in g  
to  l^ e  even ing . T he  in flu en ce  o f  a co ld  frost, a  v a lley  w ind  
sy * e m  and  local w in d  a re  a lso  show n  [24]. T he o b se rv a tio n s  
o f |to ta l  O3 at T ro m so e  (N o rth e rn  N o rw ay ), S o d an -k y la  
(N ir th e rn  F in land ) an d  M u rm au sk  (N o rth  w este rn  sov ie t 
u n p n )  fo r 1987-89 , c o m p a riso n s  o f  th e  to ta l O3 w ith  
s tr ito sp h e ric  tem p era tu res  a t S o d an k y la  (1 9 6 5 -1 9 8 8 ) show ed  
nojBevere O3 dep le tio n , th e  sp rin g  v a riab ility  O3 in the  low er 
stra to sp h ere  due  to  m e teo ro lo g ica l v a riab ility , tw o  m ax im um  
o f  lo w er tro p o sp h e ric  O3, one  in th e  S p rin g  d u e  to  large  scale  
p h o to ch em ica l cau ses and  th e  o th e r  in S u m m er d u e  to  the 
em issio n s o f  h y d ro ca rb o n s  and  N O x  in E u ro p e  [25].
T O M S  sa te llite  co lum n  ozo n e  d a ta  in la titu d es 70°s~ 
70°N  from  N o v em b er 1978 to  M ay  1990 sh o w ed  th e  tren d s 
in O 3 as a fun c tio n  o f  la titude , lo n g itu d e  an d  m o n th . T he 
tren d s  arc  h ig h ly  seasona l and  d ep en d en t on  loca tion . N ear 
the  equa to r, th e  m o n th ly  tren d s  a re  n o t s ig n ific an tly  d iffe ren t 
from  zero . F or h igh la titudes, m o st o f  th e  estim a ted  m o n th ly  
tren d s  are  n eg a tiv e . In Jan u ary , F eb ruary  and  M arch , th e re  
are  som e positive  trend  estim ations in the  w estern  H em isphere  
a ro u n d  la titude  60°N . A large dep le tion  d ev e lo p s  d u rin g  th e  
S p rin g  (S ep tem b er to  N o v em b er) in th e  so u th e rn  h igh  
la titude reg io n  [26]. A irbo rne  and  sp a c e b o m e  ex p e rim en ts  
w ere  co n d u c ted  in A m azo n es, B razil in S ep tem b e r 1989 to  
m easu re  O3, CO2, CO, C H 4 and  pa rticu la te  m a tte r  from  
b io m ass from  an a ircraft. F ires  w ere  o b se rv ed  from  sa te llite  
im agery  and  the sm oke  op tica l th ick n ess , p a rtic le -s iz e  and  
p ro file s  o f  the  ex tin c tio n  c o e ff ic ien t w ere  m easu red  using  
su n p h o to m ete rs  in th e  a irc ra ft and  from  th e  g ro u n d . It w as 
rep o rted  th a t th ere  w as a s tro n g  re la tio n  b e tw een  th e  spatia l 
d is trib u tio n  o f  fires and  O3 c o n cen tra tio n s , b e tw een  b iom ass 
b u rn in g  and  co n cen tra tio n s  o f  trace  gases , p a rticu la te  m a tte r 
and  O3. It w ill su g g es t a  co rre la tio n  b e tw een  b io m ass 
b u rn in g  in th e  tro p ics  and  O3 fo rm atio n  [27]. T h e  chem ica l 
b a llo o n -b o rn e  d ev ice s d ev e lo p e d  fo r d ire c t m easu rem en ts  o f  
O3 in the a tm o sp h ere  m ay  be d iv id ed  in to  e lec tro ch em ica l 
and  ch em ilu m in escen t g ro u p s . T he  o p e ra tin g  p rin c ip le  o f  the  
fo n n e r  is b ased  on  the reac tio n  o f  O3 w ith  a  K1 so lu tion . 
Iod ine  re leased  by  th is  reac tio n  is q u an tita tiv e ly  m easu red  
by  a  co u lo m ctr ic  m eth o d . T h ese  e lec tro ch em ica l in s tru m en ts  
h av e  w id e ly  been  a d o p ted  fo r m easu rin g  a tm o sp h e ric  O 3 and  
the  d a ta  em p lo y ed  fo r v a rio u s  ap p lica tio n s  are  d e riv ed  
ch ie f ly  from  tw o  types o f  o zo n eso n d e . T he  B re w e r M ast
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(BM) Bubbler and the electrochemical concentration cell 
(ECC) [28]. An airborne differential absorption lidar (DIAL) 
used during the 1991 Lake Michigan Ozone study to map 
the vertical distribution of O3 concentrations across Lake 
Michigan down wind of urban and industrial areas of the 
south lake region is compared with air borne in-situ O3 
measurements [29].
Ozone measurement using the NOAA instrumental King 
Air research aircraft over Lake Michigan during the Summers 
of 1990 and 1991 showed that the increased O3 was 
accompanied by moderately increased SOj and NOx. The 
elevated O3 concentrations were related to emissions from 
the urban region located near the southern and south western 
shores of Lake Michigan. Total ozone concentration was 
measured by the Dobson Spectrophotometer 40 at Uccle 
(50°48'N, 4“2rE), Belgium for the period 1971-1986 [30]. 
The satellite Spectrometer BUFS-2 for measurement of total 
ozone and vertical ozone distribution was described. It 
comprises of a double monochromator with spherical 600 
ruling/mm diffraction gratings with a focal distance of 250 
mm and 8.2 degree by 8.2 degree field of view. The spectral 
channels are switched by adjusting the intermediate slits 
realized by a disk with openings which are derived by a 
step-by-step motor. The total measurement time for all 
channels is -20 s and the spectral half width is -1 nm [31]. 
A star pointing UV-visible spectrometer has the capability 
to measure reactive gases in the O3 layer e.g. O3, NO2, 
NO3 and CIO2 using the sun as a source of light. The 
instrument was deployed at Abisko in northern Sweden 
during the 1991-1992 European Arctic Stratospheric Ozone 
Expedition [32].
The improved stratospheric and mesospheric sounder 
(ISMAS), a limb-viewing IR radiometer, an instrument on 
the NASA upper atmospheric Research satellite launched in 
September 1991 enables daily mapping over much of the 
earth’s temperature, concentrations of 8 chemical species 
(HjO-vap, CH4, O3, HNO3, NO2, NO, N2O5 and CO) and 
aerosol opacity in the stratosphere and mesosphere. It was 
8 separate focal planes, each consisting of a 4 element 
detector array instrument with a movable mirror to scan the 
limb in elevation and to view may be to either side of the 
space craft to improve geographical coverage [33]. 
Measurements of the atmosphere backscattered UV albedo 
used from satellites for >20 yrs to measure O3, the largest 
continuous record from the solar back scattered UV instrument 
(SBUM) and total O3 mapping spectrometer (TOMS) on the 
Nimbus 7 satellite, since November 1978 showed no 
significant trends near the equator, but significant trends 
larger than predicted by homogeneous chemistry at mid to 
high latitudes in both hemispheres [34]. DOAS (Differential
optical absorption spectrometry) measurements ofN03, No, 
and O3 were performed on the atmospheric of the French 
Atlantic coast in June 1989. The differential absorption 
spectroscopy technique associated with a Fourier transform 
spectrometer was used to measure SO2, NO2, HCHO, and 
O3 concentrations at the urban site of the campus of the free 
University of Brussels, Belgium since October, 1990. It 
consists of a source (either a high pressure xenon lamp or 
a tungsten filament) and a 800-m-long path system. The 
spectra are recorded in the 26000-38000 cm"’ [35].
The scanning radiometer (SR) NOAA satellites during 
the 1970s included a visible channel that overlapped closely 
to the chappuis absorption band of O3 -600 nm. The 
Antarctic atmosphere and surface contain no other significant 
absorbers of radiation at those wave lengths, which makes 
Antarctica an ideal region to isolate the O3 signal in the 
visible channel data. So SR data, may be used to map 
Antarctic O3 prior to 1978, since accurate detailed maps of 
total O3 were not available before the launch of the total 
mapping spectrometer (TOMS) in late 1978 [36] 
Measurements of surface ozone for the period November 17 
to January 11, 1993 in Tromsoe, Norway, using American 
and Russiuan type ozonometers gave almost identical result.s 
It was reported that there was no diurnal variation probably 
due to the lack of sunlight during the polar night and 
decreased normally during day time through reactions with 
pollutants such as NOx and hydrocarbons [37]. Surface 0? 
measurements performed by chemiluminescence ozonometer 
at various sites of industrial and residential areas and in the 
suburbs as well during polar winter period showed weak 
diurnal variation and the background O3 level is 15-25 ppb
[38]. The UV-photometer uses radioluminescence source 
(RLS) with very high long-term temporal emission stability 
instead of generally used unstable Hg-I amp. The RLS 
emission power is 3 x 10”  quantum/sec. It is used to measure 
the ozone concentration by selective absorption of UV- 
radiation by O3 molecule [39]. Total O3 measurements at 
Uccle (50'’48'N, 4°21’E) with Dobson spectrophotometer 40 
since August, 1971 and with Brewer instrument from 16th 
July, 1983, the reduced thickness of SO2 as calculated from 
measurements with Brewer spectrophotometer and in situ 
measurements of SO2 near the ground in the urban area of 
Brussels showed a decreasing trend of SO2. It is reported that 
SO2 decrease at Uccle has introduced a fictitious Dobson 
total O3 trend that amounts to mean value of -1.47% per 
decade [40]. Measurement of CIO, O3. H3O, temperature and 
pressure by the Microwave limb Sounder (MLS) launched 
on 12th September, 1991 on the upper atmosphere research 
Satellite (UARS) reveals that chlorine in the lower stratosphere 
was almost completely converted to chemically reactive
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fo rm s  in bo th  n o rth e rn  a n d  so u th e rn  p o la r  w in te r vo rtices. 
It occurred in th e  so u th  lo n g  b e fo re  th e  d e v e lo p m en t o f  
ilie A ntarctic o zo n e  h o le  [41]. M easu rem en ts  o f  O 3 an d  
aerosol d is trib u tio n s w ith  an  a irb o rn e  Ildar sy s tem  in th e  
low  land an d  b o rea l fo re s t re g io n s  o f  ea s te rn  C an ad a  
during Ju ly -A u g u s t, 1990 , sh o w ed  th a t o v e r 3 3 %  o f  th e  
troposphere (0 - 1 2  k m ) a lo n g  th e  flig h t tra c k  a t la titudes from  
ab o u t 45  to  5 0° N  h ad  s ig n ific an tly  en h an ced  O 3 d u e  to  
Stratospheric in trusions an d  in th e  m idd le  to  u p p er troposphere, 
the  extent o f  th e  e n h a n c e d  O 3 g en e ra lly  ex ceed ed  4 0 %  [42]. 
T he  SA G E II (1 9 8 5 -1 9 8 9 ) an d  S B U V -v ers io n  6  (1 9 7 9 - 
1986) g loba l o zo n e  v ertica l s tru c tu re  sa te llite  d a ta  sets to  
determ ine th e  lo n g  te rm  tre n d s  in o zo n e  as a fu n c tio n  o f  
altitude (p ressu re ) an d  la titu d e  w ere  stu d ied . S A G E  II da ta  
o n ly  availab le  d u rin g  th e  p e rio d  o f  in c reas in g  so la r ac tiv ity , 
sh o w e d  an in c rea se  in  o zo n e  w ith  lim e  in the  u p p e r 
stratosphere a ttr ib u te d  la rg e ly  to  r is in g  so la r  ac tiv ity . S tudy  
o f  com bined  S B U V  an d  S A G E  II d a ta  o v e r  th e  11-y ea rs  
so la r  cycle  sh o w ed  a  c le a r  re sp o n se  o f  o zo n e  to  1 1 -y ea rs  
so la r  varia tions a n d  a llo w ed  a  d eco u p lin g  o f  so la r e ffec ts , 
quasi-biennial o sc illa tio n s  (Q B O ) an d  tren d s  [43].
The cen tra l E q u a to ria l p ac if ic  E x p e rim en t an d  B a llo o n - 
b o rn e  so und ings at S o lo m o n  Is lan d s (9 °2 4 'S , 160°6 'E ) an d  
Christmas Islands (2°N , 15 7°30 'W ) and  satellite  m easurem en ts 
showed the v o lu m e  m ix in g  ra tio s  o f  o zo n e  freq u en tly  w ell 
b e lo w  10  n an o m o le s  p e r  m o le  b o th  in th e  m a rin e  b o u n d ary  
lay e r  (M B L ) an d  b e tw een  10 k m  an d  th e  tro p o p o u se  [44]. 
S a te llite  o b se rv a tio n  w ith  th e  M id d le  A tm o sp h ere  H igh  
Resolution S p ec tro g rap h  In v es tig a tio n  (M A H R S I) sh o w ed  a 
sharp peak  in O H  d en s ity  a t an  a ltitu d e  o f  6 5 -7 0  k m , th u s 
consistent w ith  o b se rv a tio n s  fro m  H a lo g e n  O ccu la tio n  
Experim ent (H A L O E ) on  th e  N A S A  U p p e r A tm o sp h ere  
Research S a te llite  (U A R S ) w h ich  sh o w ed  an  u n ex p la in ed  
H2O layer a t th e  sam e  level. It w as re p o r te d  from  s tra to p au se  
OH m easu rem en ts  a n d  O 3 o b se rv a tio n  fro m  c ry o g en ic  
Infrared S p ec tro m e te rs  an d  T e le sc o p es  fo r  th e  A tm o sp h ere  
(C R ISTA ) e x p e rim e n t th a t  th e  c a ta ly tic  lo ss o f  O 3 d u e  to  od d  
H ydrogen c h e m is try  is less  th an  th a t p red ic ted . So th e  
dom inant p o rtio n  o f  th e  o zo n e  d e fic it p ro b lem  in  s tan d ard  
model is a  co n se q u e n c e  o f  o v e r  e s tim a tio n  o f  th e  O H  d en sity  
in the up p er s tra to sp h e re  an d  m eso sp h e re  [45]. O b se rv a tio n s  
o f total ozo n e  b y  D o b so n  sp e c tro p h o to m e te r a t P o lew ard  o f  
60®S in m id w in te r , th e  sa te llite -b o rn e  T o ta l O zo n e  M ap p in g  
Spectrom eter in  Ju n e  a n d /o r  Ju ly  a t  6 5 °S , th e  sa te llite  b o rn e  
Tiros O pera tiona l V e rtic a l S o u n d e r  (T O Y S ) o v e r  th e  C en tra l 
A ntarctic P la teau  in W in te r, th e  sa te llite  b o rn e  m ic ro w av e  
L im b S o u n d e r  ( M L S )  w e r e  m a d e  a n d  c o m p a r e d .  
M easurem ents o f  to ta l o zo n e  a t  F a rad ay , A n ta rc tic a  (6 5 °S ) 
by a  g round  b a se d  v is ib le  sp e c tro m e te r  o f  th e  d es ig n  sy s tem  
d 'A nalyse p e r  o b se rv a tio n s  z en ith a le s  (S A O Z ) sh o w ed  a
w in te r m ax im u m  [46]. B a llo o n -b o rn e  m easu rem en ts  o f  to ta l 
re ac tiv e  n itro g en , N O y  [= N O x (N O  +  N O 3) +  H N O 3 + 
C IO N O 2 -t- 2 N 3O 5 +  H O 2N O 2] reco rd ed  by  M IP A S -B  
in s ttn m en t in th e  A rc tic  vo rtex  on  F eb ru a ry  1 1 , 1995 
in d ica te  5 0%  defic it o f  N O y  b e tw een  16 and  2 2  km  b y  
p a rtic le  sed im en ta tio n  su g g ested  th a t d en itr if ica tio n  w as 
c a u |e d  p red o m in an tly  by  n itric  a c id  tr ih y d ra te  (N A T ) in 
sm s |l n u m b er densities. It w as repo rted  th a t th is  d en itrifica tion  
is r isp o n s ib le  fo r in crease  in a rc tic  o zo n e  loss [47].
3 . < |b s e rv a tio n  o f  o z o n e  d e p le t io n
In ^leneral, o zo n e  is d ep le ted  e v e ry w h e re , y e a r  to  year, 
se a jb n  to  season  and  d ay  to  d ay . Som e im p o rtan t o b serv a tio n s 
o f  (jzone d ep le tion  a re  m en tio n ed  b e lo w .
In ves tig a to rs  Information obtained
F arm an  e t a l  f irs t rep o rted  th a t  th e  d ram atic
[ 1] (1 9 8 5 ) d ec rea se  o f  O 3 co n cen tra tio n  o ccu rs
d u rin g  S p rin g  a t A n ta rc tic  o b se rv ed  
a t B ritish  A n ta rc tic  S u rv ey  S ta tion , 
H alley  B ay  (7 6 °S , 2 7 °W ) d u rin g  
1957-84  (F ig u re  1) and  m o n th ly  
m ean  O c to b e r v a lu e s  is d ec reased  
b y  3 0 -4 0 %  sin ce  1977.
a
o
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F ig u re  1. Spring tim e o zo n e  variation during 1 9 5 7 -8 4  at H alley  Bay  
(76*S, IT'ft), a British A ntarctic Survey Station
H o fm an n  e t a l  sh o w ed  th a t th e  to ta l o zo n e  d ec lin ed
[48] (1 9 8 6 ) by  3 5 %  w h e re a s  th e  in te g ra te d
o zo n e  b e tw een  14 a n d  18 km  by 
7 0 %  an d  w ith in  th e  p o la r  v o rtex  b y  
9 0% .
S ch o eb erl a n d  K ru g e r re p o r te d  d ram a tic  y e a r  to  y e a r
[49] (1 9 8 6 ) d ec lin e  in to ta l o zo n e  o v e r  A n ta rc tic
S p ring .
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C H j w ill reac t w ith  N O  lead ing  to  O 3 p rod u c tio n  as fo llow s 
[44 , 70  and  71].
R O 2 + N O  ->  O H  + N O 2 (R  =  H ),
N O 2 + /»v ->  N O  + O  (A <  420  nm ),
O  + O 2 + M ->  O 3 +  M .
H O 2 is fo rm ed  by th e  fo llow ing  reac tion  as repo rted  by 
C ru tzen  [71] :
C O  + O H  H + C O 2,
H + O2 + M HO2 + M.
B oth H O 2 and  pero x y  rad ica l, C H 3O 2 are fo rm ed  d u rin g  
the  o x ida tion  o f  m ethane.
A ttri e t  a l  (72 ] d isco v ered  a su rp ris ing  sou rce  o f  ozone 
w hich  is g en e ra ted  in sp o n tan eo u s bursts  even  in the absen ce  
o f  su n lig h t and  n itrogen  ox ides — nam,ely, the  ex u b eran t 
m ass o f  co lo u r em ittin g  spark le rs  tha t are  lit d u ring  the  
D iw ali festiv ities, w hich  take  p lace every  y ea r du ring  O cto b er 
and N o v em b er in D elh i, India. S park le rs  dep en d  on  a  
com b in a tio n  o f  sa lts  o f  m etals to  o rig in a te  th e ir  co lo u r and  
sp a rk le  — ^these inc lude  po tassiu m  p e rch lo ra te , sod ium  
o x a la te , ca lom el, a lum in ium  and  m an g an ese  w hen  burn t, a  
s ign ifican t a m o u n t o f  rad ia tion  em itted  by  th ese  con stitu en ts  
h av ing  a  w ave leng th  below  240  nm  is su ffic ien t to  d issoc ia te  
a tm ospheric  m o lecu la r ox y g en  in to  a tom ic  o x y g en , en ab lin g  
the  reaction  O 2 + O  —> O 3 to  tak e  p lace . S lan g er e t a l  [73] 
suggests  th a t th e  p h o to ly sis  o f  v ib ra tio n a lly  exc ited  o xygen  
can  p ro v id e  an  ex tra  so u rce  o f  ozone .
O 3 + Av ->  O  (3p) +  O 2 (X-’S g ),
O2* (X^Sg) + h v - ^ 0 2  (B^SO) ^  20,
3 0  +  3 O 2 3 O 3.
T he  above  m echan ism  b eco m es ve ry  im portan t w hen  
v ib ra tion  levels (v" >  15) a re  p o p u la ted . A cco rd in g  to  the  
th eo ry  o f  n u c lea r sy m m etry , th e  ra te  o f  o zo n e  fo rm ation  [74] 
from  co llis ions o f  O  and iso top ica lly  h o m o n u c lca r O 2 
d ep en d s on  w h e th e r th e  O 2 m o lecu le  is in  an / (a llow ed) o r 
an e  (re str ic ted ) p a rity  level state. A pp ro x im ate ly , 78  p e rcen t 
o f  th e  res tric ted  O 2 (e )  levels p ro d u ces  O 3 w ith  th e  sam e 
effic ien cy  as th e  a llo w ed  O 2 (/)  levels an d  th is  th eo ry  
ex p la in s  th e  specia l en h an ced  fo rm atio n  o f  th e  com p le te ly  
a sy m m e tric  iso to p o m e r '6 0 ” 0 '* 0 .  S y m m e try -in d u c e d  
k in e tic  iso tope  e ffec ts  (S IK IE S ) ana ly s is  can  b e  ap p lied  to  
th e  first step  o f  th e  C hapm an  m ech an ism  [6 8 ] fo r o zo n e  
fo im a tio n .
0 2 (3 2 g ) + 0 ( ^ P j ) - ^ 0 ; .  
o ; _ i M . 0 2 ( ^ 2 g ) + o ( 3 p j ) ,  
o ;  J ^ .y .- » 0 3 ( 'A i ) .
w here , O 3* is a  co llis io n  co m p lex  an d  K a , k j  an d  K s  a re  d ie  
p h en o m en o lo g ica l asso c ia tio n , d isso c ia tio n  an d  s tab iliza tio n  
ra te  co n stan ts , re sp ec tiv e ly . O 2 a n d  O 3 a re  in  th e ir  g ro u n d
e lec tro n ic  sta tes  an d  th e  O  a to m  can  b e  in  e ith e r  its  ground 
(3p 2) o r first tw o  ex c ited  (^p i, ^po) sp in  o rb it sta te s .
T h e  u n u su a lly  h ig h  e n ric h m e n t in  m o s t o f  th e  heavy 
iso topom ers o f  o zo n e  [76] has b een  o b se rv ed  in  tropospheric  
[75 ,77 ], and  s tra to sp h eric  o zo n e  [78] a n d  h a s  b e e n  studied 
in de ta il in n u m ero u s  lab o ra to ry  e x p e rim e n ts  [7 9 -8 1 ] . The 
iso tope com position  o f  a tm ospheric  o zo n e  is [ ’® 0 ]= 9 9 .7 5 6 % , 
C ’O ] = 0 .0 3 8 %  an d  [**0] =  0 .2 0 5 %  th ro u g h  o u t the 
tro p o sp h ere  and  s tra to sp h ere . T h e  fo llo w in g  ch a n n e ls  o f  
ozo n e  fo rm atio n  a rc  co n sid e red  an d  sp ec ific  ra te  coeffic ien ts 
a re  m easu red  and  d e riv ed  [82] sh o w n  in T a b le  1 re la tiv e  to 
th e  s tan d ard  ra te  [83] fo r  +  ^^©2 +  M  o f  6 .0 5  x 10"’'' 
cm  ^S - '.
Table 1. Measured and derived rate co-efficients for ozone formation 
processes.
Isotope
mass
r.nrichment 
mass spectro- 
metric (%)
Measured rate 
coefficient
Derived rate 
coefficient
Reaction Value Reaction Value
48 00 ''■O + 'OO 160 1 00
49 11.3 170+16Q I6Q 1.03 160-f-nc 16Q 1.17
50 13 0 I8() + I«0 I6Q 0.93 16QH-I80 1.27
50 12 1 '<>o+” o ‘^0 1.23 1.11
51 -1.8 i’0 + ” 0 — 1.02
52 14.4 ''0+ " ‘0 18Q 1.53 18o  + k>0 1.01
52 9.5 180 + 170 '^0 1.03 + 170 1.21
53 8,3 '70+ “ 0 i«o 1 31 180 + 170 1*0 1.00
54 -4.6 i«0+'«0 18Q 1.03 — —
T h iem en s [84] rep o rted  th a t th e  fo rm a tio n  o f  a sy m m etric  
ozone  species ('^’O  '* 0  '* 0  and  '* 0  ‘®0 '^O ) is fav o u red  
because  it can  p ro ceed  th ro u g h  a  g rea te r n u m b e r  o f  reac tive  
q u an tu m  sta tes  than  the  fo rm atio n  o f  th e  sy m m etric  iso tope  
(I6q  16Q  i6q ) jj^ g  co llis io n  o f  a to m ic  an d  m o le c u la r  oxygen  
leads to  the  fo rm ation  o f  a  v ib ra tio n a lly  ex c ited  O 3 tran sitio n  
sta te . T he la tte r can  e ith e r d isso c ia te  o r  lo se  o r  g a in  en erg y  
by co llis ion  to  fo rm  a  s tab le  O 3 m o lecu le . T h e  sy m m etric  
iso tope  spec ies  is less likely  to  fo rm  a  s tab le  m o le c u le  than  
th e  asy m m etric  spec ies  b ecau se  so m e  v ib ra tio n a l-v ib ra tio n a l 
and som e v ib ra tional-ro ta tional co u p ling  te rm s a re  n o t allow ed 
fo r th e  sy m m etric  spec ies. T h e  a sy m m etric  sp e c ie s  can 
d is trib u te  en e rg y  b e tte r  and  is  m o re  lik e ly  to  c o u p le  to  the 
ex it channe l th a t leads to  a  s tab le  m o lecu le . T h e re  is n o  m ass 
d ep en d en cy  b u t ra th e r a  su b tle  sy m m e b y  fa c to r th a t  p roduces 
th e  an o m alo u s ozone .
S u lp h u r d io x id e  in jec ted  in to  th e  a tm o sp h e re  ca ta ly ses 
m id  s tra to sp h eric  o zo n e  p ro d u c tio n  [85] a s  fo llo w s  :
S O 2 +  Av ^  SO  +  O  ( .i  <  2 2 0  n m ),
SO  +  O 2 -► S O 2 +  O .
2 ( 0  +  O 2 +  M  —» O 3 +  M ),
Net : 3O2 2O3.
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4 2. D eple tion  o f  a tm o sp h e r ic  o zo n e  :
C)zone is a lso  d e p le te d  b y  sev e ra l p ro cesses. S evera l th eo rie s  
h av e  been p ro p o sed  fo r  o z o n e  d ep le tio n  cau sin g  an  ozo n e  
ho le . N a tu r a l ,  c h em ica l a n d  d y n am ica l th eo rie s  a re  m a in ly  
im p o rta n t.  In  n a tu ra l th eo ry , so la r U V -rad ia tio n , su nspo t 
cvcle re la ted  to  1 1 -y e a r  so la r  cyc le , v o lcan ic  eru p tio n  etc. 
an d  in  chem ical th e o ry  H O x , O x , N O x , C l, C lO x , B r. B rO x, 
S O x , C H O x, [8 6 ] an d  P S C s (p o la r  s tra to sp h eric  c lo u d s) p lay  
an im portan t ro le  in  th e  o zo n e  d es tru c tio n .
In  dy n am ica l th eo ry , d y n a m ic s  o f  the  a tm o sp h ere  is 
re la te d  to  th e  d ra m a tic  d ec re a se  o f  O 3 co n cen tra tio n . 
A c c o rd in g  to  th is  th eo ry , O 3 is n o t d ep le ted , it is red is tr ib u ted  
in th e  stra to sp h ere . A s a  re su lt, O 3 h o le  is c rea ted  a t  
A n ta rc t ic a  d u rin g  S p rin g  tim e . P o la r  vo rtex  is a  sm all reg io n  
ot p o la r  a tm o sp h e re  iso la ted  by  th e  p o la r  c ircu la tio n  d u rin g  
p o la r  W inter. In  so u th  p o la r  reg io n s , th e  p o la r vo rtex  is 
usually cen te red  o v e r  easte rn  A n ta rc tica . A n ta rc tic  p o la r 
v o rtex  is m o re  in ten se  th an  its A rc tic  co u n te rp a rt. A n ta r c t i c  
p o la r  v o r te x  does n o t b reak  dow n  be fo re  S p ring  and  probab ly , 
1! is r e la te d  to  s tra to sp h e ric  w arm in g .
(!) Effect o f solar UV-radiation
Ozone is d ep le ted  by ab so rb in g  so la r U V -rad ia tion . T h ere  
are three ty p e s  o f  U V -reg io n  : U V -A , U V -B  and  U V -C . T he 
wavelength ra n g e  b e tw een  2 0 0 0 -2 8 0 0  A is k n o w n  as U V - 
C region. It is le tha l to  m an  and  liv ing  o rg an ism s  and  to ta lly  
absorbed by  a tm o sp h e ric  o zo n e . T he w av e len g th  ran g e  from  
2800 A to  3 200  A is k n o w n  as U V -B  reg io n . O zo n e  abso rbs, 
but not all rad ia tio n s  and  is le tha l to  m a n y  fo rm s o f  life. U V - 
radiations ab o v e  3 2 0 0  A c a lled  U V -A  reg io n  is re la tiv e ly  
harm less and  is a b so rb e d  o n ly  s lig h tly  by  a tm o sp h eric  
ozone.
O3 + U V  - ♦  O  +  O 2.
S ince O 3 is v e ry  reac tiv e , an  o zo n e  m o lecu le  co m b in es 
with an O  a to m  to  p ro d u c e  tw o  O 2 m o lecu le s
O  + O 3 - *  2 O 2.
O zone m ay  a lso  b e  re m o v e d  b y  th e  fo llo w in g  reac tio n  :
O 3 + O 3 —> 3 O 2 .
(it) Volcanic eruption
Volcanic eru p tio n  cau ses a tm ospheric  ozo n e  dep le tion  d irectly  
by the re lease  o f  ch lo r in e  an d  in d ire c tly  b y  accu m u la tio n  o f  
released aero so l w h ich  p ro v id e s  la rg e r a rea  fo r  h e te ro g en eo u s  
reactions. A g a in  S O 2 in je c ted  in to  th e  a tm o sp h ere  d u e  to  
volcanic e ru p tio n  m a y  a lso  a ffe c t o zo n e  by ab so rb in g  
radiation. S O 2 a b so rb s  ra d ia tio n  s tro n g ly  b e tw een  180 and  
235 nm , w eek ly  b e tw een  260-340 n m  a n d  v e ry  w eek ly  
betw een 340 to  390 n m  [87]. S o  su lp h u rd io x id e  h a s  th e  
potential to  re d u c e  th e  tran sm iss io n  o f  so la r  flux , red u c in g
th e  p h o to ly sis  ra tes o f  th e  k ey  sp ec ies  such  as O 2 an d  h en ce  
red u ces th e  ra te  o f  o zo n e  fo rm ation  [56].
S O 2 +  Av SO  + O  (2  <  220  nm ).
S u lphu r pho tochem istry  on ozone fo rm ation  and  dep le tion  
w as sup |)o rted  by erup tion  o f  M oun t P ina tubo  in Ju n e  1991. 
In th e  fiipt m on th  o r so a fte r the  e ru p tio n , th e  large  am o u n t 
o f  SO 2 in jec ted  into th e  tro p ica l a tm o sp h ere  ca ta ly ses  in id - 
stratospHBric o zone  p roduction  [85]. A fte r o n e  o r tw o  m onths, 
m o s t o f | t h e  S O 2 h as b een  o x id ised  to  su lp h a te  aero so ls  
cau sin g  *ozone loss. A g ain  th e  S O 2 c lo u d  a b so rb s  so la r 
r a d ia t io ^  th e reb y  red u c in g  th e  ra te  o f  O 2 p h o to ly s is  and  
h ence  o i  o zone  p ro d u c tio n .
(Hi) H O k c a ta ly se d  o zo n e  d ep le tio n
T he a tn io sp h eric  o zo n e  is p h o to d isso c ia ted  by  so la r  U V - 
rad ia tion  p ro duc ing  e lec tron ica lly  ex c ited  0 ( 'D )  a to m s w hich  
can  tak e  p a rt in th e  fo rm ation  o f  O H  rad ica ls  [8 8 , 89] by  th e  
fo llow ing  w ay  :
O 3 + /tv 0 ( 'D )  +  O 2 (2  <  3 2 0  o. 4 1 0  nm ), 
w h ere  /tv is a  ph o to n  o f  w av e len g th  2 ,
0 ( 'D )  +  H 2O  2 0 H .
T he h yd roxy l rad ica l thus p ro d u ced  can  reac t w ith  carb o n  
m o n o x id e  o r  m e th an e  to  fo rm  p e ro x y  rad ica ls  e g . ,  H O 2. 
T h ese  rad ica ls  a lso  dep le te  th e  tro p o sp h e ric  o zo n e  [90] as 
fo llow s :
H O 2 +  O 3 ->  O H  + 2 O 2.
(iv) C l a n d  C lO x c a ta ly se d  o zo n e  d ep le tio n
In 1974, M o lin a  and  R ow land  [91] firs t su g g es ted  th e  
fo llow ing  ch lo rin e  ca ta ly sed  ozo n e  d ep le tio n  
C l V O 3 ->  C IO  + O 2,
C IO  f O  ^  C l +  O 2 
N et : O 3 +  O  -)■ O 2 +  O 2.
M o lina  and  M o lin a  [92] in th e  y e a r  1987 su g g es ted  th a t 
a C IO  d im er is invo lved  in th e  fo llo w in g  re a c tio n s  :
K
C IO  + C IO  +  M  — > (C 10)2 +  M ,
(C 1 0 )2  + /tv C l + C IO O ,
C lO O  + M  ->  C l +  O 2 +  M ,
2(C1 +  O 3 - »  C IO  + O 2),
N e t : 2 O 3 —> 3 O 2,
w h ere  h v  d es ig n a tes  an  U V -p h o to n  an d  M  s ig n ifie s  a  
co llis io n a l ch ap e ro n e , e ith e r  N 2 o r  O 2 a n d  K  is  th e  p re ssu re - 
tem p era tu re  d ep en d en t ra te  co n s tan t o f  th e  ra te  lim itin g  step .
(v) B r  a n d  B rO x  c a ta ly se d  o zo n e  d e p le tio n
S u rface  o zo n e  d ep le tio n  in  A rc tic  sp r in g  w as m a in ly  d u e  to  
a  ca ta ly tic  cy c le  in v o lv in g  th e  rad ica ls  B r an d  B rO  [93].
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T h ese  sp ec ies  are  rap id ly  co n v erted  to  th e  n on -rad ica l 
spec ies H B r, H O B r and  B rN 0 3 . M cC onnel [94] suggested  
th a t cy c lin g  o f  ino rgan ic  b ro m in e  betw een  aero so ls  and  the 
gas phase  m ain ta in in g  h igh  levels o f  B r and B rO , destroys 
ozone. Fan and  D aniel [95] p roposed  a m echan ism  b ased  on 
aqueous phase ch em is try  w h ich  rap id ly  converts H B r, H O B r 
and  B rN O j back  to  B r and B rO  rad ica ls  show n in F igure 3.
Br
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F igu re 3, Chemical cycling of inorganic Br and BK) radicals catalysing 
ozone depletion
B rN O i is rap id ly  scav en g ed  by th e  aero so l and  h y d ro ly sed  
to  H O B r as fo llow s :
B rN O ,(g ) H O B r(aq ) + HNOsCaq).
T he rap id  fo rm ation  o f  B r2 fro m  reac tion  o f  H O B r w ith  
B r" in ac id  so lu tion  is as fo llow s [96] :
H O B r(aq ) + Br® + H® ->  BrjCaq) +  H jO .
(vi) Chlorine-bromine catalysed ozone depletion 
M cE lroy  el al [97] su g g ested  ch lo rin e -b ro m in e  coup led  O 3 
d estruc tion  m echan ism  as fo llow s :
C IO  +  B rO  ->  C l +  B r + O 2, 
r  C IO  +  B rO  - ♦  B r +  O C IO , ]
C IO  +  B rO  ->  BrCI + O 2,
L BrCI + Av B r + C l,
C l +  O 3 ->  C IO  +  O 2,
B r +  O 3 - »  B rO  +  O 2,
N e t ; 2 0 j  ->  3 O 2.
B o th  (IV ) an d  (V I) m ech an ism s req u ire  su n lig h t in th e  n ea r 
U V  to  v is ib le  p a rt o f  th e  spec trum  b ecau se  a t n igh t, C IO  
reco m b in es  to  fo rm  C I2O 2, w h ich  is n o t reac tiv e  to w ard s  O j 
an d  B rO  reac tan ts  to  form  B rC I an d  B r0 N 0 2 . T h e  O 3 
d ep le tio n  is g rea te s t w hen  th e  ex p o su re  to  su n lig h t is longest 
a t lo w er la titudes an d  la te r  in th e  S p rin g  [98],
(vii) Cl and HOx catalysed ozone depletion
S o lo m o n  et al [99] su g g es ted  C l and  O H  rad ica ls  co u p led  
o zo n e  d ep le tio n  m ech a n ism  a s  fo llo w s ;
H O 2 + C IO  ^  H O C l +  O 2,
H O C l +  Av - ♦  O H  +  C l,
C l +  O 3 ^  C IO  +  O 2,
O H  O 3 - »  H O 2 +  O 2,
N e t ; 2 O 3 3 O 2 .
T h e  ab o v e  m ech a n ism  rev ea ls  th a t  O  a to m s c o u ld  n o t be 
in v o lv e d  q u a n ti ta t iv e ly  in  O 3 d e p le t io n  b e c a u s e  the 
concen tra tion  o f  O  a tom s w as to o  low  in th e  p o la r  stratosphere 
[100],
(viii) CO and HOx catalysed ozone depletion
In th e  tro p o sp h e re  th e  fo llo w in g  reac tio n s  [5 0 ,5 1 ] are 
re sp o n sib le  fo r o zo n e  d ep le tio n  :
C O  + O H  ->  H +  C O 2,
H 4 O 2 +  M  H O 2 +  M ,
H O 2 +  O 3 O H  +  2 O 2,
N e t  : C O  +  O 3 —> C O 2 +  O 2.
(ix) NOx catalysed ozone depletion
N O x  ca ta ly ses th e  d es tru c tio n  o f  s tra to sp h e ric  ozo n e  as 
fo llow s :
N O 2 O 3 —> N O 3 +  O 2,
N O 3 t N O 2 + M N 2O 5 + M ,
N et : 2 N O 2 + O 3 ->  N 2O 5 +  O 2.
N O 3 is rap id ly  p h o to ly sed  d u rin g  d ay tim e  a n d  N 2O 5 is 
m a in ly  p ro d u ced  d u rin g  n ig h t-tim e  [1 0 1 ]. B ek k i et al [102] 
repo rted  the  fo llo w in g  o zo n e  d ep le tio n  
N O  + O 2 N O 2 O 2.
Jo h n sto n  et al [103] c a lc u la ted  s ig n if ic a n t g lo b a l ozone 
red u c tio n  d ue  to  N O x  (N O  + N O 2) e m iss io n  fro m  h ig h  speed 
c iv il tran sfe r a ir  c ra f t fly in g  in th e  s tra to sp h e re  considering  
on ly  h o m o g en eo u s  ch em istry . T o ta l O 3 re m o v a l ra te  in the 
s tra to sp h ere  is d e te rm in ed  c h ie f ly  b y  th e  H O x  a n d  halogen 
ca ta ly tic  cycles w h o se  re la tiv e  ra te s  a re  c o n tro lle d  by  the 
N O x  ab u n d an ce  [104]. Z ip f  an d  P rasad  [1 05 ] re p o r te d  from 
labo ra to ry  ex p erim en ts  th a t p h o to -ex c ita tio n  o f  O 2 (B ^Iu) 
m o lecu les  and  sh o rt lived  c o llis io n  c o m p lex es  o r  w eekly 
b o u n d  N 2 : O 2 d im ers  b y  th e  ab so rp tio n  o f  so la r  Schum ann- 
R u nge  (S R ) and  H erzb erg  ban d  a n d  co n tin u u m  rad ia tio n , is 
an  e ff ic ien t so u rce  o f  N O x  (N O  + N O 2)  in  th e  stra tosphere 
an d  p o ss ib ly  in  th e  tro p o sp h e re  b y  th e  re a c tio n s  :
O 2 +  Av O j,
O2 + N2 N2O + O,
0 ;  +  N 2 N O  + N O ,
[O 2.N 2] +  Av [N 2.0 2 ] ’ ,
[02.N 2]* ->  N O  +  N O ,
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[02.N2]* N2 + O2,
[O2.N2]* N2 + O + O,
[O2.N2]* [02,N2] + Av.
(x) Polar stratospheric clouds (PSCs) and its chemistry on 
(Cone depletion
U n d e r  noniial Winter conditions in the lower stratosphere, 
ihe temperature within the polar vortex fall low enough that 
c lo u d s  of nitric acid trihydrate (NAT) and ice crystals can 
io rm  despite the dryness of the stratosphere (2-4 ppm 
m ix in g  ratio of H2O). These clouds are known as polar 
stratospheric clouds (PSCs) [106]. Atmospheric recent 
observations show that some PSCs may be composed of 
IINO3.2H2O and HNO3.3H2O. Laboratory data indicates 
th a t nuclcation and persistence of metastable HNO3.2H2O 
m ay  be favoured in polar stratospheric clouds over more 
s ta b le  HNO3.3H2O. Vapour transfer from IINO3.2H2O to 
IINO3.3H2O could be a key step in the sedimentation of 
HNO3 [107]. Thin films of HNO3.2H2O have also been 
r e p o r te d  by Ritzhaupt and Devlin [108], Tolbert and 
Middlcbrook [109] and Koehler [110]. PSCs are now 
r e c o g n iz e d  as the key species in the Spring time destruction 
o f  ozone and the formation of ozone hole [97,99,111-13] 
and the sites for a group of heterogeneous reactions perturbing 
the nonnal gas phase chemistry in the polar region. The 
fo llo w in g  several processes are responsible for PSC induced
depiction [100].
I. Pure ice clouds (Type II) can form at temperature 
dropping to or Ijelow 195 K and 50 mb pressure at 
roughly 20 km altitude and clouds of NAT (Type I) 
can form at temperature 10® warmer.
II. Hydrochloric acid dissolves in ice particles along the 
grain boundaries.
III. The heterogeneous conversion on particles of PSCs 
[106,114,115] of inorganic chlorine from its less- 
reactive components HCl and chlorine nitrate CIONO2 
to CI2 and HOC! are believed to occur on surfaces of 
both type I NAT and Type 11 (Water ice) PSC 
particles when sufficient amounts of HNO3 and H2O 
condense on sulphate aerosol particles [106,114,115]. 
The principal reactions are as follows [116-120] :
HCl + CIONO2 '■" CI2 + HNO3,
C10NO2 + H2O 'Typ«"'’scs ^ ^
HOCl + HCl ^
IV. Atomic chlorine is then formed by the photolysis of 
molecular chlorine.
CI2 + Av -»■ Cl + Cl.
V. Atomic chlorine thus formed, initiates the catalytic 
chain of ozone depletion.
How PSCs and sunlight can alter the abundances of trace 
gases and O3 in the polar vortex is shown by Brune et al [98] 
in Figure 4. The dotted lines indicate the available chlorine, 
reactive nitrogen and initial O3. The solid lines indicate 
reactive chlorine (CIO + CI2O2), HNO3 and O3. Ozone is 
rapidly- depleted by reactive chlorine after all available
Figure 4. Variations of the abundances of trace ga.scs by PSCs and 
sunlight.
chlorine becomes reactive chlorine (CIO + CI2O2) by 
heterogeneous reaction on PSCs. NOy is reduced by de­
nitrification of NOy by heterogeneous reactions when the 
PSCs evaporate, IfNOi again becomes gaseous and is slowly 
photolysed to NO2 which reduces reactive chlorine. The 
conversion of chlorine takes hours to days, reactive nitrogen 
days to weeks for denitrification and weeks for gas phase 
photochemistry.
5. Ozone studies over India
Ozone studies over India have already been done by diffi^rent 
investigators at different stations. Total Ozone in India was 
first measured [121] at Kodaikanal (10®N, 77®E) during 
1928-29, then at Bombay (19®N, 72.9®E) and Poona (18®N, 
73.6‘^ E) the National Ozone centre for India and the 
Regional ozone centre for the Regional Association II (Asia) 
of the world Meteorological Organization by Chiplonkar 
[122], during 1936-38, using the same photographic 
instrument. The India Meteorological Department (IMD) 
Poona first used the Dobson ozone spectrophotometer for 
regular measurements of ozone during 1940. Daily 
observations were made [123] at New Delhi (29®N, 77°E) 
during 1945-47, at Simla (3PN, 78®E), Poona (18®N, 
73.6®E) and Kodaikanal (10*^ N, 77*^ E) during 1948-49, 
followed by the systematic measurement by Ramanathan at 
Ahmedabad (23°N, 72.6°E) in 1951, then at three more 
stations, Kodaikanal (10®N, 77®E), Srinagar (34®N, 74®E)
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and  N ew  D elh i (2 9 °N , I T E )  in th e  la te  fifties  u s in g  U m k eh r 
te ch n iq u e  (1 2 4 -1 3 2 ) .
D obson  and  C h ip lo n k a r’s m easu rem en ts  show ed  th e  
ex is ten ce  o f  low  v a lu e s  o f  to ta l ozo n e  o v e r  th e  tro p ics  w ith  
little  varia tio n  th ro u g h o u t th e  y ea r and  n o  co rre la tio n  
b e tw een  o z o n e  ’ an d  th e  w ea th e r. R am an a th an  and  h is 
asso c ia te s  sh o w ed  th e  m ain  fea tu res  o f  th e  ho rizo n ta l and  
vertica l d is tr ib u tio n  o f  o zo n e  o v e r  th e  trop ics. T he d ay  to  day  
v aria tio n s in o zo n e  co n cen tra tio n s  w ere  sm all. T he level o f  
m ax im u m  o zo n e  is h ig h e r (2 5 -2 8  k m ) in th e  tro p ics  than  at 
h ig h e r la titudes w ith  n o  ch an g e  o f  v ertica l d is tribu tion  w ith  
seasons [1 24 ,125 ]. T h ey  stu d ied  th e  vertica l d is tribu tion  o f  
a tm o sp h eric  ozo n e  on  a  g lo b a l sca le  [126], the  im portan t 
re la tio n sh ip  be tw een  a tm o sp h eric  ozone  and  the  genera l 
c ircu lation  o f  the  a tm osphere  [ 127], the behav io r and transport 
o f  o zo n e , th e  m ean  m erid io n a l d is trib u tio n  o f  o zo n e  in 
d if fe re n t se a so n s , th e  p ro b a b le  tr a n s p o r t  m e c h a n ism s  
[128 ,129 ] an d  th e  p ro n o u n ced  lo ng itud ina l d iffe ren ce  in 
ozo n e  in late W in te r and  S pring . T he S p ring  rise  in  ozo n e  
in h igh  and  m id d le  la titudes w as a sso c ia ted  w ith  th e  b reak ­
up  and  w a rm in g  o f  th e  p o la r  s tra to sp h eric  vo rtex  [131].
T h e  f i r s t  In d ia n  b a l lo o n - b o r n e  e le c t r o c h e m ic a l  
ozo n eso n d e  w as in tro d u ced  [1 33 ,134 ] in  1962, the  firs t 
su rface  ozone  reco rd e r [135] in 1970, reg u la r ozone  sound ing  
s ince  1971 and  su rface  ozo n e  m easu rem en ts  [123] since 
1973. T he reg u la r to ta l o zo n e  m easu rem en ts  and  vertica l 
ozo n e  d is trib u tio n  u s in g  D o b so n  o zo n e  sp ec tro p h o to m ete rs  
w ere  carried  o u t a t S rin ag a r (3 4 °N , 7 4°E ), N ew  D elh i (29°N , 
77°E ), M oun t A bu  (24°N , 72°E ), A hm edabad  (2 3 “N , 72 .6“E), 
P une (18°N , 7 3 .6 °E ), V aran asi (2 5 .5 “N , 8 5 “E ), K odaikana l 
(10°N , 77®E) and  T riv an d ru m  (8 .2 5 ‘'N , 76 .9°E ); reg u la r 
su rface  ozone  m easu rem en ts  u sin g  e lec tro ch em ica l senso rs 
a t S rin ag ar (3 4 °N , 74 “E ), N ew  D elh i (29®N, I T E ) ,  P une 
(18°N , 7 3 .6 °E ), N ag p u r (2 1 °0 9 'N , 7 9 “0 9 'E ) K odaikanal 
(10'T4, 77°E ) and  T riv an d ru m  (8 .2 5 “N , 76.9'>E); vertical 
p ro file  m easu rem en ts  u sing  e lec tro ch em ica l b a llo o n -b o rn e  
o zo n eso n d es a t N ew  D elh i (29°N , 77°E ), P une  (1 8 “N , 
78.6'>E) and  T riv an d ru m  (8 .25°N , 76.9®E) sta tio n s [123].
Surface o zo n e  in th e  trop ics  w as m easu red  by  R am anathan  
a t A h em ad ab ad  u sin g  E h m ert's  ap p ara tu s  [127] in 1954. T he  
ro ck e t-b o rn e  m u lti-ch an n e l U V -p h o to m ete r o zo n eso n d e  w as 
in tro d u ced  in 1976 a t th e  P h y sica l R esearch  L ab o ra to ry  
(P R L ), A h m ed ab ad  u s in g  th e  ab so rp tion  o f  so la r U V - 
rad ia tio n  in th e  w av e len g th  b an d s  250 , 2 8 0  and  3 1 0  nm . 
F low n  on  cen ta u se  and  M -lO O  ro ck e ts , a  n u m b e r o f  ozo n e  
p ro file s  h ad  been  o b ta in ed  o v e r T h u m b a  (8 .25°N , 76.9*’E ) 
[1 3 6 -1 4 0 ] . H igh  a ltitu d e  b a llo o n  m easu rem en ts  u s in g  a  
s u n tra c k in g  m u ltic h a n n e l ra d io m e te r  o f  b e tte r  a ltitu d e  
rad ia tio n  th an  ro ck e t-so n d e  w e re  ca rr ied  o u t [1 3 9 ,140 ] up to  
35 km  a t H y d e rab ad  [1 7 .5 “N , 7 8 .6 °E ). A t P R L , 1.27 p m
p h o to m e te r w as u sed  to  d e te rm in e  th e  o zo n e  concentration 
in  5 0 -9 0  km  reg ion .
V iv ek an an d  an d  A ro ra  [141] o b ta in ed  v e rtica l profiles of 
o zo n e  o v e r  B an g a lo re  (1 3°N , 7 7 .5 °E ) fro m  m easu rem en ts  of 
th e  em ission  sp ec tra  o f  o zo n e  in  th e  m m -w av e  reg io n  using 
m icro w av e  ra d io m e te r o p e ra tin g  a t 1 1 0 -8 3 6  G H z. Indian 
M id d le  A tm o sp h ere  P ro g ram m e  (IM A P ) d u rin g  1982-86, its 
co n tin u a tio n  IM A P -C  [142 ], P ro g ram m e  In v o lv in g  g ro u n d  
b ased  ro ck e t and  sa te llite  sy s tem s , a  tw o -c h a n n e l ro ck e t- 
b o rn e  so la r U V -p h o to m e te r f lo w n  from  T h u m b a  [143] and 
an in fra red  laser h e te ro d y n e  sy s tem  (L H S ) u s in g  9 - 1 1 urn 
w in d o w  a t N P L  h ad  been  d e v e lo p e d  [14 4 ] to  investigate 
o zo n e  lay e r and  o th e r tra c e  g ases , p a rticu la rly  a t lower 
la titude . S u rface  o zo n e  o v e r th e  Ind ian  O cean  h ad  a lso  been 
m easu red  [2 ,1 4 5 ,1 4 6 ].
A n u m b er o f  ba lloon  ascen ts  u sin g  c ry o g en ic  a ir  samplers 
an d  P R L ’s  m u ltich an n e l su n - track in g  p h o to m e te rs  h ad  been 
ca rr ied  o u t a t H y d erab ad  (1 7 .5 °N , 7 8 .6 °E ) b y  PR L  in 
co llab o ra tio n  w ith  th e  M ax P lan ck  In s titu te  fo r  A eronomy 
(M P A E ), w est G erm an y  to  m easu re  th e  trace  g a se s  w ith 
ozone  in th e  a tm o sp h ere  [1 3 9 ,1 4 0 ,1 4 7 ,1 4 8 ]. D iu rn a l and 
seasonal v a ria tion  o f  O 3, N O 2 and  S O j d u rin g  1989 at 
V aranasi (25 .5 °N , 83 °E ) [149] sh o w  th a t m ax im u m  N O j and 
SO 2 co n cen tra tio n s  o ccu rred  d u rin g  W in te r an d  m a x im u m  
O j co n cen tra tio n  d u rin g  S u m m er. N O 2 an d  S O 2 p eaked  in 
th e  m o rn in g  and  ev en in g  b u t peak  O i co n cen tra tio n s  occurred 
in th e  afte rn o o n  g en era lly  b e tw een  n o o n  and  4  P M . Ozone 
co n cen tra tio n  w as m easu red  in u rb an  e n v iro n m e n t o f  Delhi 
a t g ro u n d  level and  a t h ig h t 23 , 51 , 117 an d  153 m ts  at 4 
sites d u rin g  1989-90. O zo n e  bu ild  up  w as o b se rv e d  all over 
D elh i, w h ich  sh o w ed  s ig n ific an t v e rtica l v a ria tio n  o f  O3 
con cen tra tio n . A t a  p a rticu la r tim e , O 3 levels w e re  low est at 
ground  level and  invariab ly  increased  w ith  in c reasin g  distance 
from  ground  [150 ,1 5 1 ]. T he so la r U V -B  ra d ia tio n  a t the 
cen tra l w av e  leng th s 29 0 , 3 0 0  an d  3 1 0  n m  w as  o b se rv ed  by 
a  so la r U V -B  rad ia tio n  m o n ito r in g  sy s tem  u s in g  UV- 
in te rfe ren ce  filte rs an d  a  p h o to tu b e  m o u n te d  on  a  suntracker. 
T h e  310  ch an n e l d a ta  w as  u sed  to  d e riv e  to ta l ozone 
co n cen tra tio n  a t T riv an d ru m  (8 .2 5 “N , 76.9®E) a n d  it w as 
co m p ared  w ith  th a t o b ta in ed  a t K o d a ik a n a l (1 0 °N , 7 7 °E) 
u s in g  D obson  S p ec tro p h o to m e te r [1 5 2 ]. M e asu rem en t of 
so la r U V -B  rad ia tio n  o f  2 9 0 -3 2 0  nm  a t g ro u n d  lev e l for 8 
years  s in ce  1981 a t th e  N a tio n a l P hysica l L a b o ra to ry  (NPL). 
N ew  D elh i, In d ia  sh o w s a  sy s tem atic  a n ti-c o rre la tio n  with 
to ta l a tm o sp h eric  O 3 fo r  c le a r d ay s  [1 5 2 ]. S riv a s ta v a  et at 
[152], K u m a r e t  a /  [153] and  M an ! [1 23 ] h a d  a lso  presented 
sh o rt-p e rio d  o b se rv a tio n s  an d  tr ie d  to  c o rre la te  w ith  UV- 
rad ia tio n . C h ak rab a rty  an d  P esh in  [1 54 ] s tu d ie d  th e  variation 
o f  O 3 c o n cen tra tio n  o v e r  In d ian  re g io n  a f te r  e ru p tio n  of 
M o u n t P in a tu b o  in Ju n e , 1 9 9 1 . T h e y  su g g e s te d  that
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heterogeneous reactions do not play significant role to 
reduce total ozone after volcanic eruption in the low latitude 
region. Besides these, they also observed from ozonesonde 
observations at Pune (18.3“N, 73.6°E) and balloon 
measurement of aerosol profile at Hyderabad (17.5“N, 
7 8 .6 ’E) that the altitude of ozone peak is about 5 km higher 
than the altitude of the aerosol peak. Chakrabarty etal[\S5]  
concluded that long-term total ozone observations during 
23-45 years by Dobson spectrophotometer at Kodaikanal 
00°, 79°E), Mount Abu (24°N, 72“E), New Delhi (28°N, 
77°E) and Srinagar (34°N, 74°E) show an increasing trend 
with the rates of 1.98, 2.33, 1.85 and 0.68% per decade 
respectively, no trend at Pune (18°N, 74°E), but 1.02% 
decrease per decade at Varanasi (25°N, 82°E). The Nimbus 
7 total ozone mapping spectrometer data and Dobson data 
at Kodaikanal, Pune, Mt. Abu, New Delhi and Srinagar for 
the period November, 1978 to April, 1993 and at Varanasi 
tor the period November, 1978 to December, 1987 are 
compared. These two data agree fairly well at all places 
except at Kodaikanal and Ahmedabad. Tropospheric and 
strato-spheric ozone column obtained by ozonesonde at 
Pune for the period January, 1988 to July, 1997 and at New 
Delhi for March, 1989 to September, 1997 show that the 
vuriutions of tropospheric and stratospheric columns are in 
oppo.site phase. At New Delhi, increase of tropospheric 
ozone and decrease in stratospheric ozone cause a slight 
decrease of total ozone column. Tropospheric marginal 
decrease of ozone and no change in stratospheric ozone 
cause almost no trend in total ozone column at Pune. The 
cause of the above trends can be attributed, partly to the 
trends of tropospheric ozone.
Jana et al [156] reported that the ozone concentrations 
occur maximum during the months of May-June and 
minimum during the month of December over India. In case 
of the station, Hailey Bay (a British Antarctic Survey 
Station), maximum ozone concentration occurs during the 
months of January-February and minimum during the months 
of September-October. Ozone concentration gradually 
increases from the month of January, attains its maximum 
for the period of May and June, then gradually decreases and 
attains its minimum value for the month of December over 
India. But for Halley Bay, maximum ozone concentration 
occurs during the months of January and February, then 
gradually decreases, attains minimum for the month of 
September to October, then gradually increases. Analysis 
reveals an ozone trend at Trivandrum, Hyderabad, Bombay 
and Dumdum by -0.51, -0.02, -0.38 and -0.68% per year 
respectively. No trend is obtained in case of Ahmedabad. 
Increasing trends have been obtained for Bangalore, Varanasi 
and Srinagar by 0.40,0.15 and 1.18% per year, respectively.
But decreasing trend has been observed at Halley Bay by 
3.42% per year. It.was also reported that ozone depletion is 
very high in the Spring time at Halley Bay for a definite year 
and also from year to year as compared to Indian stations.
6 .. Effecf of green house gases on global warming and
ozon^ depletion
Carbon (|^xide (CO2), methane (C H 4), nitrousoxide (NjO). 
chlorofli^ro carbon-11 (C F C I3 ) and chlorofluorocarbon-12 
(CF2Cl2)|gases have strong absorption band at 8-20 pm 
[157,158|. Ozone also absorbs infra-red radiation [159]. 
These g s^s  arc thus more effective green house molecules 
in the a^osphere.
Atmcispheric concentrations of most of the green house 
gases ara continuously increasing. It is reported that CO2 is 
currently increasing at 0.5% per year, CH4, N2O, CFC-11 
and CFC-12 at 0.9, 0.25, 4 and 4% per year respectively 
[160]. Increased concentrations of green house gases play a 
key role in global warming. Houghton [161] reported that 
global surface air temperature has increased about 0.5^C 
during 20th century. Harris and Chapman [162] showed that 
for south-eastern Utah, the magnitude of warming from 19th 
century base line from 1951 to 1970 is 0.6°C and the most 
recent warming yields a total of PC warming from 1990 to 
1994 mean.
Because contemporary climate models show a linear 
increase in temperature and other variables, the future 
increase should be a linear extension of these recent trends. 
Thus, it is concluded that the bottom line is a warming of 
around 1.5°C to 1.7°C in the Winter half year and 1.2°C to 
1.3°C in the Summer over the course of the next century 
[163].
The Kyoto Protocol will have no effect because CO2 
emissions will continue to increase. As a result, the Earth's 
average surface temperature will increase by 0.65 to 0.75°C 
in the Winter half year and by^0.60 to 0.65°C in Summer 
by the year 2050 [163].
Huang et a/ [164] used present-day temperatures in 616 
bore holes from all continents except Antarctica to reconstruct 
century-long trends in temperatures over the past 500 years 
at global, hemispheric and continental scales. The average 
of the cumulative temperature change over the five-century 
interval is a warming of about 1.0 K, and the twentieth 
century has been the warmest century of the past five. 
Almost 80% of the net temperature increase has been 
observed in the nineteenth and twentieth century. The 
magnitude of ground surface warming over the past five 
centuries is greater in the Northern Hemisphere than in the 
Southern Hemisphere : The five century cumulative change 
is 1.1 K in the former and 0.8 K in the later. The twentieth
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century temperature change is 0.6 K in the Northern 
Hemisphere and 0.4 K in the Southern Hemisphere. These 
values compare, respectively, with 0.60 and 0.65 K per 
century for hemispheric trends in the combined land and sea 
surface air temperature [165]. The geothermal hemispheric 
estimates for the twentieth century show even greater 
consistency with the land —only hemispheric trends of 0.56 
and 0.47 K per century [166]. The five-century cumulative 
temperature changes are respectively 1.2 K for North America,
1.4 K for South America, 0.8 K for Europe, 0.8 K for Africa,
1.2 K for Asia and 0.5 K for Australia [164],
Maciiwain [ 167] reported that according to the conclusion 
of the NRC (US National Research Council) panel, an 
increase in global mean surface temperature over the past 20 
years “is undoubtedly real and is substantially greater than 
the average rate of warming during the twentieth century”. 
CO2 contributes -45% of ail green house forcing [168,169]. 
CO2, CH4 and N2O account for about 70% of anticipated 
global warming [ 168]. N2O contributes about 15% of radiative 
forcing of CO2 [ 170]. Again it is observed that CH4 and N2O 
concentrations are much samller than for CO2. Bulj these 
contribution to radiative forcing per molecule change is 
about 20 times more important for CH4 than for CO2 and 
200 times for N2O [171].
(Jn the other hand, increased concentration of green 
house gases cause lower stratosphere cooling by radiating 
heat to space creating ‘an ice house effect’ [ 172]. It enhances 
the formation of polar stratospheric clouds (PSCs) which 
increases depletion of ozone. It can be supported by the 
following facts. Ramaswamy e l a l  [173] showed that the 
global mean cooling in the -50-100 hPa (-16-21 km) lower 
stratospheric region, due to increase in CO2 alone since 
1979-1990 is-0.6 K, due to increase in all other green house 
gases for the period of 1765-1990 is about 0.15 K. Austin 
e l a l  [55] further showed that over Northern Hemisphere 
Winter stratosphere, doubling CO2 concentration leads to the 
formation of an Arctic ozone hole comparable to the observed 
over Antarctica with nearly 100% local depletion of lower 
stratospheric ozone. Moreover chloroflurocarbons by 
absorbing UV-radiation release active atomic chlorine which 
catalyses ozone depletion shown by Molina and Rowland
[91], Molina and Molina [92] and McElroy e l a l  [97]
CFCI3 + /tv -» CFCI2 + Cl (/l<  230 nm),
CF2CI2 + /tv -> CF2CI + Cl (/l<  230 nm).
H2O vapour is also one of the green house molecules. By 
photodissociation, it forms OH radicals. OH radicals dius 
formed, can react with CO or CH4 to produce HO2 radicals 
[90]. These radical directly catalyse O3 depletion as shown 
by Solomon el al [99] and upper stratospheric and mesospheric 
ozone depletion reported by Summers et al [45].
7. Special features of Antarctic region and future of
ozone hole
In the both southern and northern polar region, stratosphere 
starts from a relatively lower altitudes of 8 km and maximum 
ozone concentration occurs between 15 and 20 km altitude. 
Both the polar regions experience many weeks of continuous 
darkness, polar night during Winter from May to August in 
Antarctica. Southern polar region (Antarctic region) 
experience stratospheric minimum temperatures during 
Winter, special circulation patterns, intense and strong winds 
and different meteorological conditions.
The temperature of the stratosphere at 50 mb pressure 
over Antarctica during winter drops to -80°C which is nearly 
20-30°C lower than that over arctic region [174]. The 
amount of time that the stratosphere is such cold, is several 
months for Antarctic and few weeks for other regions. For 
example, it was ~5 months for Southern Hemisphere and -6 
weeks for the Northern Hemisphere during the 1991-1992 
Winter seasons [41]. At this temperature, PSCs are formed 
which disappear in early November following the rise of 
temperature. The formation of PSC is more frequent in 
Antarctica than in arctic region. The polar vortices are 
usually centred over eastern Antarctica. They are more 
intense due to low temperature and strong winds and stable 
than its arctic counter part. The Antarctic polar vortices do 
not break down before Spring and are probably related to 
stratospheric warming. At -190 K, type II ice PSCs can form 
and sediment out of the stratosphere, removing HNO3 as a 
source for NO2 to quench CIO and reduce ozone destruction 
[175,176]. Type 1 PSCs can also grow sufficiently large 
under suitable condition [175] to sediment and remove 
HNO3. Thus, stronger ozone depletion can be expected in 
Antarctica during Spring as a result o f increased 
concentrations of reactive chlorine and bromine species, low 
concentrations of nitrogen oxides, large occurrence of PSCs 
and very low temperature. Consequently, ozone hole will 
extend its size and will be much deeper.
The Antarctic ozone hole is mainly confined to the region 
of lower stratospheric temperature remaining below -78°C 
for several months with frequent PSCs inside the polar 
vortex. The areal extent of the -78®C region is governed by 
planetary wave activity occurring during the Fall and Winter, 
before the Spring time. So the maximum size of the Antarctic 
ozone hole should be fixed by the size of the core of cold 
temperature in the vortex, which locates the CPR (Chemically 
perturbed region) and then by dynamical boundary of the 
polar vortex [177].
The Arctic ozone depletion occurs in regions where PSC 
appearance is more episodic than continuous. The Arctic 
chemical perturbation and extra-CPR Antarctic depletion is
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{ireatly influenced by intennittent PSC appearance associated 
v^ith tropospheric cyclonic uplift or internal gravity waves. 
As the concentrations of stratospheric reservoir chlorine 
curupoiinds continuously increase, the intermittent processing 
u ill increase concentrations of Cl radicals. The Arctic vortex 
;iiul extra Antarctic CPR will experience increased ozone 
loi,s. If the Antarctic ozone depletion reaches the dynamical 
un tex boundary, then ozone hole will effectively double in 
aiea since the CPR currently occupies only about half the 
p te se n t area of the Antarctic vortex. The Arctic vortex covers 
about half the area of Antarctic vortex in the respective 
Spring seasons and the coldest regions are between 20 and 
SO mb. Thus, the most severe Arctic ozone hole will never 
arise  unless stratospheric climate or water vapor content 
thaiigcs. Stratospheric climate is mainly controlled by the 
ladiative balance between heating through absorption of 
I V-radiation by ozone and cooling though the emission of 
IR-iadiation by green house molecules. The polar vortex 
becomes colder, larger and more persistent through radiative 
[iroccsses, either by reduced solar absorption by O3, or by 
more efficient emission of thermal energy by green house 
molecules. So the increased O.1 loss, increased concentration 
oi green house molecules and the vigorous mixing provided 
b> large amplitude planetary waves that propagate upward 
tiom troposphere may cause significant amplification of the 
A ic tic  ozone hole as well as deeper Antarctic ozone hole. 
Ii IS shown in Figure 5 that ozone hole in 1998 at Antarctica 
is m u ch  deeper (grey region) than the ozone hole in 1996.
8 . E ffe c t o n  s o la r  U V -ra d ia t io n
The solar radiation at the top of the Earth’s atmosphere has 
a significant amount of energetic shorter wavelength radiation. 
Wave-length in the range 1OQ-400 nm is called the ultraviolet 
(UV) spectral region. There are three types of UV-region : 
UV-A, iW-B and UV-C. Wavelength in the range 100-280 
nm is kn^wn as UV-C region. It is completely absorbed by 
atmosph^ic oxygen (O2) and ozone (O3), Wavelength in the 
range 28|  ^ nm-315 nm called UV-B region are partially 
absorbed©y O 3 but not completely, while UV-A wavelengths 
(315-40fl|nm) are absorbed only weakly by O3 and are 
therefore|more easily transmitted to the Earth’s surface. At 
the equator, about 30% of the middle UV-B region of solar 
radiation [ure transmitted to the Earth's surface under clear 
sky [67]. Ozone depletion increases the solar UV-B radiation 
reaching the ground [178]. High levels of UV-B radiation 
have been observed directly in association with the Antarctic 
ozone hole [179-182].
Total stratospheric content of ozone depleting substances 
(ODS) is expected to reach a maximum around the year 
2000. All other things being equal, the current ozone losses 
and related UV-B increases should be close to their maximum. 
The temporal change of ozone and surface UV-radiation 
(at 45^N and 45”S) computed in correspondence to the 
halocarbon loading of the atmosphere arc shown in 
Figure 6 assuming that changes in UV-radiation are due 
solely to ozone changes which in turn are assumed to
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su re 5. Antarctic o zo n e  h o le  in 1996  and 1998.
F ig u re  6 , Scenario for future changes in ozone and erythcm al UV- 
radiation at the E arth ’s Surface, at 45®N (b, d) and 45®S (a, c).
response only to atmospheric halocarbon loading [183]. The 
quantitative relation between ozone and halocarbon changes 
is based on the measured changes in both quantities through 
the 1980s [184]. The future scenarios shown in the figure 
are based on current control measures (Montreal 1997 
Amendments). In scenario A|, the production of some ODS
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is a lread y  b e lo w  th e  a llo w ed  m ax im u m  level, w h ile  u n d e r 
scen a rio  A 3 , th e  p ro d u c tio n  is a t th e  m ax im u m  allo w ed  level. 
S cen a rio  A 2 sh o w s th e  o zo neA JV -recovery  i f  there  is n o  
em issio n  a fte r  th e  y e a r  2 0 0 0 .
9 . Effiect o n  s u n b u r n  a n d  s k in  c a n c e r  
D irec t ex p o su re  to  U V -B  rad ia tion  h as  acu te  u n d esirab le  
e ffec ts  in c lu d in g  su n b u rn  and  skin  p ig m en ta tio n  co n sis tin g  
im m ed ia te  p ig m en t d a rk en in g  (IP D ), n eo m elan o g en esis  and  
th e  ch ro n ic  effec ts . It is m o re  co n sp icu o u sly  seen  in  the 
can casio n s, re su ltin g  th ick en in g  o f  th e  ep id erm is d am ag e  to  
d e rm is  (so la r e la s to six ) [185]. P a tien ts  lack ing  p ig m en t 
(a lb in o s) o r  h av in g  a  d e fec tiv e  D N A  dark  re p a ir  m ech an ism  
(X e ro d e rm a  p ig m e n to su m ) ten d  to  d e v e lo p  c u ta n e o u s  
m a lig n an c ies  m o re  freq u en tly  an d  m o re  read ily . N u tritio n a l 
d e fic ien c ies  such  as th a t o f  v itam in  B3 (n ico tin ic  a c id ) can  
re su lt in p h o to sen sitiv e  derm osis . It w as a lso  rep o rted  th a t 
m elan in  is th e  m o s t im p o rtan t na tu ra l p ro tec tion  ag a in s t 
dam ag e  from  su n ligh t. T h e  p ro d u c tio n  em ission  o f  o zo n e  
depletion  substances (O D S ) th rough  ozone dep letion  increases 
in carc in o g en ic  U V -rad ia tion , w h ich  increases th e  sk in  
can ce r inc idence . S lap e r e t  a l  [186] ev a lua ted  th ree  ty p es o f  
sk in  cancer. S q u am o u s cell ca rc in o m a  (S C C ) an d  basa l cell 
c a rc in o m a  (B C C ) are  th e  m o st freq u en t b u t leas t agg ressive . 
T he cu tan eo u s m a lig n an t m e lan o m a  (C M M ) is th e  least 
frequen t b u t m o s t agg ressiv e  [187]. S co tto  and  F ears [188] 
rep o rted  th a t th e  p resen t sk in  ca n c e r  in c id en ce  in the  U SA  
is ab o u t 2 0 0 0  p e r  m illio n  p e r  y e a r  an d  in N o rth -W est E u ro p e  
an -incidence o f  a b o u t 1 1 ,0 0 0  p e r m illion  p e r  y e a r  fo r  th e  
N e th e rlan d s as rep re sen ta tiv e  [189J. S lap e r e t  a l  [186] 
sh o w ed  th e  re la tiv e  increase  in  e ffec tiv e  y ea rly  U V -dosc  
rece iv ed  a t g ro u n d  level a t 40°N  (U S A ) an d  co rresp o n d in g  
th e  ex cess  sk in  ca n c e r  in c idences in U S A  fo r th e  p e rio d  
1975-2100  in F ig u res  7, 8 (a )  and  8 (b). T h ey  p red ic ted  th a t
UJ
Year
F ig u re  7 . R elative increase in yearly e ffective  UV>dose received at ground  
level at 40®N (IJSA ). The so lid  line represents no restrictions (N R ) 
scenario, the broken line the M ontreal P rotocol (M P) scenario and the 
dotted line the C openhagen A m endm ents (C A ) scenario.
in th e  C A  (C o p en h eg an  A m en d m en ts , 1 9 92 ) scen a rio , the 
c a lc u la ted  n u m b er o f  ex cess  c a se s  c a u se d  b y  o z o n e  dep letion  
w ill ex ceed  3 3 ,0 0 0  p e r  y e a r  in  th e  U S A  a ro u n d  th e  y e a r  2050 
an d  14000 p e r  y e a r  in  N o rth -W e s t E u ro p e .
Y ear
Y ear
F ig u re  8 . E xcess incidences caiculated  for the U S A  (a) and northest 
Europe (b) populations, incorporating the delay  iaetween exp osu re and the 
occurrence o f  tum ours. T he so lid  line represents the N R  scenario, the 
broken line the M P scenario and the dotted line the C A  scenario.
S q u am o u s ce ll c a rc in o m a  (S C C ) a sso c ia te d  w ifti am bien t 
so la r ex p o su re  h as  b e e n  rep o rted  in ca tle , h o rse s , ca ts , sheep, 
g o a ts  an d  d o g s [1 9 0 -1 9 2 ] . T h ese  tu m o rs  o c c u r  p rinc ipa lly  
in  p o o rly  p ig m en ted  sk in  u n p ro te c te d  b y  h a ir  and th u s  are 
f r e q u e n t ly  fo u n d  o n  e y e l id s ,  n o s e ,  e a r s ,  t a i l s ,  the  
m u co cu tan eo u s  ju n c t io n s  o f  th e  e y e s  and anogenital reg ions 
[192]. O th e r effec ts in dom estic  an inm is in c lu d e  exacerbations 
o f  in fec tio u s  b o v in e  k e ra to co n ju n tiv itis  in  c a tt le  [1 9 3 ] and 
sk in  les ions an d  ca ta ra c t in fa rm  ra ise d -f ish  [1 9 4 ]. Increases
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in s u r f a c e  erythemal (Sun burning) UV-radiation relative to 
ihc v a lu e s  in the 1970’s are estimated to be : about 7% at 
N o r th e rn  Hemisphere mid latitudes in winter/spring; about 
4‘>o a t Northern Hemisphere mid latitudes in summer/fall; 
a b o u t 6% at southern Hemisphere mid latitudes on a year- 
r o u n d  basis; about 130% in the Antarctica in spring and 
a b o u t 22% in the Arctic in spring due to ozone losses by 50% 
in th e  Antarctic spring, 15% in the Arctic spring, 6% at 
N o r th e rn  hemisphere mid latitudes in winter/spring, about 
3%  a t Northern Hemisphere mid latitudes in summer/fall and 
a b o u t 5 %  at southern hemisphere mid latitudes year-round. 
I he corresponding increases in erythemal UV radiation are 
estimated to be 130, 22, 7, 4 and 6% [183].
10. Effect on eyes
I lie eye is a principal route of exposure to UV radiation. 
When sunlight containing UVR falls on the normal eye, the 
cornea is affected first, followed by the lens, the vitreous 
humor and the retina. Due to absorption by various molecules 
111 the cornea and the lens, most UV-radiations never reach 
tlic ratina in the normal adult eye. The cornea absorbs most 
ol ilie UV-radiation below 300 nm. The lens absorbs almost 
all of the rest ambient UV-radiations below about 370 nm 
II9.U
The ocular effect due to environmental exposures to 
UVR is photo keratitis. It is characterized by reddening of 
the eye ball, gritty feeling of severe pain, photophobia and 
blepherospasm or twitching. Photokeratitis is also seen in 
beach-goers and others involved in outdoor recreation [196]. 
Additional ocular effects are climate droplet keratopathy 
(CDK), pinguecule, pterygium and squamous cell carcinoma 
(SCC) of the cornea and conjunctiva. Climate droplet 
keratopathy is a degeneration of the fibrous layer of the 
cornea with the accumulation of droplet-shaped deposits. 
Pterygium results from an outgrowth of the conjunctiva over 
the cornea, which results in the loss of transparency, 
pinguecule is a raised opaque mass just adjacent to the 
cornea [197] and squamous cell ccrcinoma is a malignant 
neoplasm.
Of all the ocular diseases associated with solar exposure 
which affects the lens, cataract is characterized by a gradual 
loss in the transparency of the lens due to accumulation of 
oxidised lens proteins [196]; frequently the end result is 
blindness, unless the affected lens is surgically removed. 
There are several kinds of cataract. Cortical cataract develops 
m the outer layers of lens protein, commonly called the 
cortex of the lens. Nuclear cataracts occur in the inner layer 
of lens protein i.e . the nucleus of the lens. Posterior sub- 
capsular cataracts (PSCs) occur at the back interface of the 
lens and its epithalial capsule. Recent Italian-American case 
control study of individuals aged 45-79 years reveals that
pure cortical cataract accounts for slightly less than 50% of 
cases. Pure nuclear cataract accounts for about 10%, pure 
PSC for less than 3% and mixed for about 40% with the 
majority ofthc mixed having a cortical component [198,199].
11. Rfitct of tropospheric ozone and lung function
In urbljn and industrialized regions, tropospheric ozone is 
formediby the photochemical reactions of some pollutants 
e .g . ox|les of nitrogen, hydrocarbon while in remote regions 
it stems from both downward transport from the stratosphere 
and fr4m in  s itu  photochemical production from source 
regionf [200].
Tro||)ospheric ozone is an effective absorber of UV-B 
radiati^ [201]. In industrial regions of the Northern 
Hemi<i|3iere, the increases in tropospheric ozone since pre­
industrial times may have reduced DNA-damaging UV- 
radiatiem by 3-15% [201-205].
The lower UV-radiation levels observed in Germany may 
be explained partly by higher tropospheric ozone levels 
[206]. Increase in tropospheric ozone causes climate change 
through global warming, environmental pollution and also 
affect human health. According to Fishman [207], long term 
tropospheric ozone analysis shows an increasing trend at a 
rate of 1-2% per year recently in the Northern Hemisphere. 
This tropospheric O? increasing concentration causes greater 
global warming comparable to the increase of CO2. Besides 
O3 is toxic and causes serious environmental damage as well 
as impairment of human health. Berry e t a l  [208] reported 
that accumulated exposure to ozone concentration greater 
than 120 ppb had an increase in respiratory symptom. Peak 
expiratory flow rate in children was the only lung function 
measure associated with increasing ozone concentrations 
with an average loss of 4.74 ml/s/ppb for the eight hours 
ozone exposure. The early intense exposure to O3 produced 
a persistent decrease in lung function and base line shifts for 
3 days after the episode that obscured daily dose-response 
relationship. Spector e t a l  [209] reported that O 3 exposures 
in ambient air produced greater lung function deficits in 
active young people in natural setting than does pure O3 in 
controlled chamber exposure studies because of longer 
exposure and potentition by other factors. Chen e t  a l  [210] 
investigated the ozone pollution in the environment and its 
health effect on the population. They reported that the O 3 
concentration in the air in Nanjing city, China, was S 0.069 
mg/m^. The concentrations in O 3 lamp rooms, UV-lamp 
room .and photocopy machine rooms were 1.289, 0.245 and
0.01-0.03 mg/m^ respectively. The lung function indicators 
of the O 3 exposed population differ significantly from those 
of the controls. Whitefield cr a/ [211 ] assessed the qualitative 
and quantitative judgements regarding the risk of chronic 
lung injury to children aged 8-16 and adult out-door workers
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d u e  to  long  te rm  O 3 ex p o su re  in areas w ith  pa tte rn s o f  
ex p o su re  s im ila r to  th o se  in S o u th ern  C a lifo rn ia  and  th e  
no rth est. O zk ay n ak  e t a l  [212] show ed  th a t O 3 ex p o su re  w as 
a sso c ia ted  w ith  in creased  p n eu m o n ia  and  in fluenza  in ad u lts  
a fte r  a  2 4 -h o u r lag  period . C ody  c t a /  [213] an a ly sed  th e  data  
on  hosp ita l em erg en cy  d ep artm en t v is its  fo r M ay  th rough  
A u g u st fo r 1988 an d  1989 in N ew  Jersey . It w as sh o w n  that 
a s th m a  v is its  w ere  co rre la ted  w ith  tem p era tu re  w h ereas the 
co rre la tio n  be tw een  asth m a  v is its  an d  O 3 co n cen tra tio n  w as 
no n sig n ifican t. H o w ev er w hen  tem p era tu re  w as co n tro lled  
fo r in a m u ltip le  reg ressio n  an a ly s is  a h ig h ly  s ig n ifican t 
re la tion  b e tw een  a s th m a  v is its  an d  O 3 co n cen tra tio n  w as 
iden tified . A lso  in C an ad a , the  co n tr ib u tio n  o f  O 3 to  a s th m a  
adm ission  w as s tro n g e r in areas w ith  h ig h e r co n cen tra tio n . 
M ann ing  e t  a l  [214] s tud ied  th e  O 3 in ju ry  to  n a tiv e  p lan ts  
in c lass 1 w ild e rn ess  a reas in V erm o n t and  N ew  H am psh ire . 
S ym ptom s o f  O 3 in ju ry  w ere  co n firm ed  fo r b lack  cherry , 
m ilk w eed , w h iteash , w h ite  p in e  and  tw o  sp ec ies  o f  b lack  
berry .
12. E f f e c t  o n  b a c t e r i o p l a n k t o n ,  p i c o p l a n k t o n ,  
c y a n o b a c te r ia ,  p h y to p la n k to n  a n d  z o o p la n k to n  a n d  
s e c o n d a ry  c o n s u m e rs
12. / .  D isso lv e d  o rg a n ic  su b s ta n c e  :
S o la r U V -rad ia tion  can  d eg rad e  m o s t o f  th e  d isso lved  
o rg a n ic  C a rb o n  (D O C ) p h o to ly t ic a l ly  [2 1 5 ] . H u m ic  
su b stan ces a fte r  p h o to ly tic  d eg rad a tio n  a re  read ily  taken  up  
by b ac trio p lan k to n  [216]. H um ic  su b s tan ces s tro n g ly  ab so rb  
U V -rad ia tion . T h u s, U V -B  p en e tra tio n  in to  w a te r  co lu m n  is 
in c re a se d  b y  th e  in c re a se d  d e g ra d a tio n  o f  D O C  an d  
su b seq u en t co n su m p tio n  by  b ac te ria . C lo se  to  th e  su rface , 
D O C  is rap id ly  p h o to ly sed  and  b ac te rio p lan k to n  ac tiv ity  is 
inh ib ited  by so la r U V -rad ia tion . D O C  p h o to ly s is  g enera tes  
pho tosensitizers w h ich  on abso rp tion  o f  U V -rad ia tion  p roduce  
reac tiv e  o x y g en  sp ec ies  (R O S ) o r  free  rad ica ls .
P ien itz  an d  V in cen t [217] found  large  sh ifts  in U V -B , 
U V -A  and  p h o to sy n th e tic a lly  av a ilab le  rad ia tio n , a ssoc ia ted  
w ith  ch an g es  in th e  inpu t o f  co lo u red  d isso lv ed  o rg an ic  
m a te ria l in to  su b arc tic  lakes d u rin g  th e  h o locene . T he 
in fe rred  ch an g es  in b io lo g ica l ex p o su re  to  U V -rad ia tio n  
w ere  a t leas t tw o  o rd e rs  o f  m ag n itu d e  g rea te r th an  th o se  
a sso c ia ted  w ith  m o d e ra te  (3 0 % ) o zo n e  dep le tion . F resh  
w a te r  e c o sy s te m s  a t p re se n t loca ted  ac ro ss  v eg e ta tio n  
g rad ien ts  w ill ex p e rien ce  s ig n ific an t sh ifts  in u n d e r w a te r 
sp ec tra l ir rad ia n ce  th ro u g h  th e  e ffec ts  o f  c lim ate  ch an g e  o n  
ca tc h m e n t v e g e ta tio n  a n d  th e  ex p o rt o f  co lo u red  d isso lv ed  
o rg an ic  m a te ria l.
12.2. B a c te r io p la n k to n  a n d  p ic o p la n k to n  :
T h e  e ffec t o f  so la r U V -rad ia tio n  in c a se  o f  b ac te rio p lan k to n  
d ep en d s  o n  th e  sp e c tra l a tten u a tio n  c o e ff ic ien t in  th e  w a te r
co lu m n , th e  tim e  p a tte rn  o f  ex p o su re  an d  p ro te c tio n  for the 
o rg an ism s s in ce  th e y  a re  p a ss iv e ly  m o v e d  in  th e  mixing 
layer. B ac te r io p lan k to n  lack  U V -sc re e n in g  p ig m e n ts  e.g, 
m y co sp o rin e s  o r  scy to n em in s  p o ss ib ly  d u e  ttM h c ir  tiny  size 
[2 1 8 ,2 1 9 ]. C o n seq u en tly  b ac te rio p lan k to n  a re  m o re  prone to 
U V -s tre ss  th an  la rg e r eu k a ry o tic  o rg an ism s . U V -exposure 
p ro d u ces  a b o u t d o u b le  th e  am o u n t o f  c y c lo -b u ta n e  dimmer 
as sh o w n  in a  case  s tu d y  in  th e  G u lf  o f  M e x ic o  [2 2 0 ,2 2 1J 
S o la r U V -B  rad ia tio n  a ffec ts  o th e r  m a c ro m o le c u le r  parts of 
th e  b ac te ria l ce lls  as w ell as e c to e n z y m e s  re sp o n s ib le  fo r the 
c le a v a g e  o f  e x te rn a l o rg a n ic  c o m p o u n d s  [2 2 2 ] . The 
bac te rio p lan k to n  serve  as fo o d  fo r  h e te ro tro p h ic  picoplankton 
(<  1 p m ). T h e  b ac te rio -p lan k to n  ab u n d a n c e  is lim ited  by 
U V -d am ag e , v iru ses  a n d  h e te ro tro p h ic  fla g e lla te s  [223,224], 
U V /b lu e  rad ia tio n  (3 6 0 -4 3 0  n m ) is m o s t e ffe c tiv e  in the 
induc tion  o f  th e  ac tiv ity . T h e  v iru se s  a n d  nanoflagella tcs 
show  a  h ig h  sen s itiv ity  to  so la r U V -rad ia tio n  [225 ].
12.3. C y a n o b a c te r ia  :
C y o n o b ac te r ia , a  g ro u p  o f  p ro k a ry o te s  p o sse ss in g  a  higher 
p lan t-ty p e  o x y g e n ic  p h o to sy n th e s is  u se  th e  nitrogenasc 
en zy m e  to  red u ce  a tm o sp h eric  n itro g en  in to  am m o n iu m  ions 
(N H 4 ), w h ich  th ey  m ak e  av a ilab le  fo r  aq u a tic  eukaryotic 
p h y to p lan k to n  as w ell as h ig h e r  p lan ts  [2 2 6 -2 2 9 ] . UV-B 
affec ts  th e  p ro cesses  such  as g ro w th  su rv iv a l, p igm entation 
and  m o tility  as w ell a s  th e  en z y m e s  o f  n itro g en  m etabolism  
and  C O 2 fix a tio n  [2 3 0 ,2 3 1 ]. G ro w th  an d  su rv iv a l decrease 
w ith in  a  few  h o u rs  o f  U V -B  rad ia tio n  d e p e n d in g  on  the 
species.
T h e  p h y co b ilip ro te in s  a re  re ad ily  b le a c h e d  an d  cleaved 
[2 2 7 ,2 3 2 ,2 3 3 ]. B leach in g  o f  th e se  ad d itio n a l p ig m e n ts  is far 
m o re  e ff ic ien t th an  th a t o f  ch lo ro p h y lla  o r  c a ro tin o id s  [232] 
A t lo w er d oses , th e  en e rg y  tra n s fe r  to  th e  re a c tio n  cen tre  of 
pho to sy stem  II is im p aired  [2 2 7 ]. S im u lta n e o u s ly  with 
destru c tio n , an  increased  sy n th es is  o f  p h y c o b ilip ro te in s  has 
been  o b serv ed  u n d er m ild  U V -stress. T h ese  p ig m en ts  strongly 
ab so rb  U V -B . T h ey  fo rm  a  p e rip h e ra l la y e r  a ro u n d  the 
cen tra l p a rt c o n ta in in g  the  D N A . It in d ica te s  th a t  phycobilins 
a re  e ffec tiv e  sc reen in g  p ig m e n ts  [2 33 ] as w e ll. T h ey  are 
c ap ab le  o f  in te rcep tin g  m o re  th an  9 9 %  o f  U V -B  radiation 
b e fo re  it p en e tra te s  to  th e  g en e tic  m a te ria l. S in h a  e t  a l  [227] 
rep o rted  th a t in a d d itio n  to  th e  b le a c h in g  o f  p ho tosyh thctic  
p igm en ts , R uB isC O  (r ib u lo se -1 ,5 -b is-p h o sp h a te  carboxylase/ 
o x y g en ase ) ac tiv ity  w a s  sev ere ly  a ffec ted  b y  U V -B  treatm ent. 
A m m o n iu m  u p ta k e  w as  re d u c e d  by  10%  in  cu ltu re s  exposed 
to  so la r rad ia tio n . T h e  n itro g e n  fix in g  e n z y m e  nitrogenase 
is in h ib ited  b y  U V -B  ev en  a f te r  a  few  m in u te s  o f  in vivo 
ex p o su re . A  co m p le te  lo ss o f  a c tiv ity  w as  fo u n d  within 
3 5 -5 5  m in . d ep en d in g  o n  th e  sp ec ie s  [2 3 4 ] p o s s ib ly  due to 
th e  in h ib itio n  o f  A T P  sy n th e s is  b y  U V -B . In  c o n tra s t to  the 
e ffe c t on  n itro g en ase , a  s tim u la tio n  o f  n itra te  re d u c ta g e  by
Atmospheric ozone depletion and its effect on environment 125
UV-B was found in all nitrogen-fixing cyanobacterial strains 
['>32], while the ammonia assimilating enzyme glutamine 
svnthelase (GS) was inhibited.
Screening pigments include scytonemin and MAAs, as 
UL’II as a number of spectroscopically characterized but 
chemically unidentified water soluble pigments [234,235]. 
Cyanobacteria such as scytonema and Nostoc form filaments 
that lie embedded in a mucilaginous sheath. The screening 
pigment from scytonema hofmannii shows an absorption 
maximum at 314 nm and is released into the medium during 
the late stationary phase of growth. These organisms are 
more tolerant of UV-B irradiation than those which do not 
contain such covering [232]. For example, other scytonema 
species, which do not produce this pigment are unable to 
sLirvive in two hours of UV-irradiation (2-5 Wm~^). Kirsten 
aikl Garcia-Pichel [236] showed that screening pigments 
such as scytonemins, carotinoids and MAA are incorporated 
into the cytoplasm or the outer slime sheath, efficiently 
pi electing the organisms from solar short-wavelength 
radiation.
12 4 Phytoplankton :
Phytoplanktons, the most important biomass producers in 
uquatic ecosystem populating at the top layers of the oceans 
,ind fresh water, called euphotic zone, receive sufficient 
so la r radiation for photosynthetic processes. Solar UV- 
radialion affects growth and reproduction, photosynthetic 
cnergy-liarvesting enzymes [237-243] and other cellular 
proteins, as well as photosynthetic pigment contents [244- 
247J I he uptake of ammonium and nitrates is affected by 
solar radiation in phytoplankton [248-251] as well as in 
macroalgae [252]. Solar UV-B has been found to induce 
DNA damage and DNA Synthesis delay in many organisms 
1253-256].
12 5. Zooplankton :
I'hytoplankton concentrations depend on nutrient availability, 
light, temperature, UV-stress and strongly on the grazing 
losses by zooplankton activity [257]. The zooplankton 
concentrations depend on phytoplankton availability, grazing 
pressure as well as solar UV and temperature. The 
macrozooplankton biomass in the California currently had 
decreased by 80% since 1951, due to climatic warming by 
more than 1.5®C in some places [258]. As in phytoplanktons 
fiV-B induced DNA damage and photoenzymatic DNA 
repair have also been demonstrated in zooplankton [259], In 
planktonic embryos of copepods photoreactivation of UV- 
induced damage was found to be an efficient repair mechanism 
l?b0]. However, UV-B severely affects survival, fertility and 
sex ratio in several intertidal copepods while others remain 
*^ r^gely unaffected [261].
12,6. Secondary consumers :
Sea urchins and corals are also UV-B sensitive marine 
organisms [262,263]. Tlie planula larvae of the coral Agaricia 
agaricitei are known to show a clear variation in the UV- 
B sensitivity along a depth gradient [264] and the green sea 
Urchin Skrongytocentrotus droebachiensis uses a MAAs 
that it derives from its diet for UV absorption. This latter 
adaptation was determined by feeding an MAA-rich red 
alga, Maitocarpus stellatus and MAA-deficient brown alga, 
laminarialsaceharina to sea urchins *[265].
The epgs and larvae of many fish are sensitive to UV- 
B exposipre [266-268]. Ambient UV-levels in the surface 
waters of temperate lakes are adequate to induce 100% 
mortalityk)f yellow perch eggs in low-DOC lakes but not in 
lakes of higher DOC levels [269].
Worrest and Kimeldorf [270] reported several adverse 
effects of increased exposure to UV-B radiation on the 
systemic development of boreal toad (Bufo boreas boreas) 
tadpoles in the laboratory. It was found that DNA damage 
in pelagic fish eggs and larvae increases as the sun rises, 
reaches a peak level of damage near solar noon and is 
followed by a period of rapid repair in the afternoon when 
UV-B decreasing, but the visible light utilized for repair is 
still abundant.
13. Effect on atmospheric concentrations of HOx, (CH4), 
(CO) and (H2O2)
13.1. Changes in HOx :
HOx radicals (OH and HO2) play an important role in 
tropospheric chemistry. Important sources of these radicals 
are the photolysis of ozone, hydrogen peroxide (H2O2), 
formaldehyde (HCHO) and several other inorganic and 
organic species. Increased UV-B actinic fluxes yield higher 
tropospheric concentration of the HOx radicals.
Calculation done by Fuglestvedt et al [271] clearly 
shows that the increases in UV-B radiation over 1979-1993 
have led to an increase of OH concentration on the global 
scale of about 8%, with the largest fractional increases 
( -40%) found for high southern latitudes in October. Ma 
[272] reported that potential changes in the concentrations 
of OH, HO2 and CH3O2 in the troposphere for a 10% 
reduction of stratospheric ozone. The OH concentration is 
predicted to increase by 8-9% in the lower troposphere 
over global scale. The HO2 and CH3O2 concentrations are 
predicted to increase by about 4-6% respectively, due to 
the increased oxidation rate of CO and hydrocarbons by 
OH. Prinn et al [273] found no statistically significant 
trend in OH concentration over 1978-1990. A re-analysis 
of the methyl chloroform data [274] suggests a slight 
positive OH trend of about 0.4-0.5% per year over 
1978 1993.
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13.2. Changes in atmospheric concentration o f CH4 and
CO :
T h e  a tm o sp h e r ic  c o n c e n tra tio n s  o f  CH4 an d  C O  a re  
d e te rm in ed  by th e  b a lan ce  betw een  em ission  sou rces and  
a tm o sp h eric  rem o v a l, m o s tly  by  O H  rad ica ls . A n im portan t 
ad d itio n a l so u rce  fo r C O  is th e  a tm o sp h eric  o x id a tio n  o f  CH4  
and  o th e r h y d ro ca rb o n s  [275].
A n a ly sis  o f  p o la r ice co res  [276] in d ica tes  th a t p re  
in d u stria l a tm o sp h eric  m e th an e  co n cen tra tio n  w as a b o u t 650  
±  4 0  ppb . A tm o sp h eric  C H 4 co n cen tra tio n  s ta rted  to  in crease  
ab o u t 100 y ea rs  ago . T he ra te  o f  increase  w as app ro x im ate ly  
16 p p b  p e r  y e a r  in th e  late 1970s, w h ile  in th e  la ter p a rt o f  
th e  1980s, the  increase  w as ab o u t 9 p p b  p e r  year. Increased  
U V -B  rad ia tio n  is ex p ec ted  to  cau se  h ig h e r levels o f  O H , 
co rre sp o n d in g ly  fa s te r loss o f  m e th an e  is expec ted .
C arb o n  m o n o x id e  co n cen tra tio n  m easu rem en ts  ind ica te  
an increase  in th e  C O  ab u n d an ce  o f  1% p e r y e a r  o v e r th e  
past fo rty  yea rs  in th e  N o rth e rn  H em isp h ere  [277] and  no  
s ign ifican t tren d  in th e  S ou thern  H em isp h ere  [278]. A  large 
d ecrease  in th e  C O  co n cen tra tio n s  w as o b se rv ed  be tw een  
71 °N  and  41 °S  d u rin g  Ju n e  19 9 0 -J u n e  1993, w ith  a  d ecrease  
o f  1 5 -1 8  p p b v  a t m o s t sta tio n s loca ted  n o rth  o f  2 5 “N , and  
o f  8 -1 2  p p b v  b e tw een  41 ®S an d  20°N  [279 ]. Increases  in O H  
co n cen tra tio n  is ex p ec ted  in a sso c ia tio n  w ith  stra to sp h eric  
ozone  d ep le tio n , g lo b a l dec reases in C O  co n cen tra tio n  are  
thus expec ted . G ran ie r e t a l  [280] co n c lu d ed  th a t ch an g es 
in to ta l o zo n e  a b u n d an ce  m ay  b e  re sp o n sib le  fo r g lobal 
d ecreases  in C O  o f  ab o u t 3 .5  and  1.7 p pbv  in the  N o rth e rn  
and  S ou thern  H em isp h eres , re sp ec tiv e ly  acco u n tin g  fo r 
a b o u t 2 0 %  o f  th e  o b se rv ed  C O  d ecrease .
T he vo lcan ic  e ru p tio n  o f  M o u n t P in a tu b o  (P h ilip p in es) 
on  15 June , 1991 em itted  a p p ro x im a te ly  20  M t. o f  SO 2 and
3 -5  km^ o f  ash  in to  th e  u p p e r  tro p o sp h e re  an d  lo w er 
stra to sp h ere . A  rad ia tiv e  tra n s fe r  m o d el c a lcu la tio n  sh o w s 
th a t th e  tro p o sp h e ric  U V -B  ac tin ic  flux  In th e  tro p ics  w as 
red u ced  by  a b o u t 1 2 %  im m ed ia te ly  a fte r  th e  e ru p tio n  due  
to  d irec t ab so rp tio n  b y  S O 2 an d  w as p e rtu rb ed  fo r  u p to  one  
y e a r  a fte r  th e  e ru p tio n  d u e  to  sca tte rin g  b y  su lp h a te  aero so ls  
[2 8 I j .  T h is  s tu d y  su g g es ted  th a t the  d ec reased  U V -B  flux  
cau sed  a  d ec rea se  o f  O H  co n cen tra tio n  an d  th e re fo re  led to  
th e  o b se rv ed  an o m a lo u s ly  large  g ro w th  ra te s  fo r  CH4 and  
C O  d u rin g  la te  1991 an d  ea rly  1992.
13.3. Changes in concentration :
H y d ro g en  p e ro x id e  (H 2O 2), o n e  o f  th e  p rin c ip a l o x id an ts  in 
th e  tro p o sp h e re  p lay s  a  k e y  ro le  in  th e  aq u eo u s p h ase  
o x id a tio n  o f  S O 2 to  SO J^. M o d e l ca lc u la tio n s  su g g es t th a t 
tro p o sp h e ric  H 2O 2 co n cen tra tio n s  sh o u ld  increase  in response  
to  e n h a n c e d  tro p o sp h e ric  U V -B  ac tin ic  fluxes, in  p a ra lle l to  
th e  ex p e c te d  in c reases  in  H O x  rad ica ls , (e sp ec ia lly  H O 2).
The H2O2 concentration is greatest in low NOx regions 
where the formation of peroxides is the pre-dominant fate 
of HOx radicals. 50% increase in H2O2 concentration was 
observed at Eurocore (Central Greenland, 72°N) in the firm/ 
ice during the last 200 years, with most of the increase 
having occurred between 1960 and 1988 [282]. Recent 
studies at Summit, Greenland (72°N) in 1995 clearly indicates 
that H2O2 increases in ice cores and a further increase of the 
H2O2 concentration is being observed since 1988, leading tp 
an overall increase of 60 ± 12% during the last 150 years 
[283]. Photochemical model calculations for Summit [284] 
suggest that ozone depletion over 1980-1990 (from 395 to 
360DU) produces an atmospheric H2O2 increase of about 7% 
for Summer which could account for about one third of the 
increase observed over that time period.
14. Effect on synthetic and naturally occurring 
polymers
Synthetic polymers (e.g. plastics) as well as naturally occurring 
polymer (e.g. wood) are extensively u.sed in building 
construction and other applications. Various applications ol 
polymers are shown in Table 2. The UV-B content in 
sunlight is well known to affect advcrsly the mechanical 
properties of these materials, limiting their useful life [285]
T a b le  2. Plastic materials routinely exposed to solar UV-radiation.
1. Building applications Plastic window and door frames,
siding, mobile-home skirting, guilcrs 
and down.spouts, conduits, cable 
covering, flooring, outdoor furniture 
Exterior fascia and soffit (rigid PVC). 
Membrane roofing, geomembrancs, 
weather stripping (Plastici/ed PVC. 
EPDM rubber, other rubbers) Glazing, 
covers for lighting fixtures 
(Polycarbonate and acrylics). Varnishes 
and coalings used to protect surfaces 
Highway marking paints, Resins used 
in the repair of monuments.
2. Agricultural applications Irrigation houses, pipes netting (PE and
PVC) Tanks for storage of water 
(unsaturated polyester and PE). Mulch 
films and green house films (PE and 
PVC).
3. Transportation : Automobile tires (rubber). Plastic used
in automobile, aircraft and marine 
vessel construction.
4, Other
5. B iopolym ers
F ishing nets, sa ils, outdoor tcmporar>' 
housing, outdoor furniture, fibers and 
textiles .
W ool, hum an hair, w ood  chitinavous 
m aterials.
PE «  P oly  ethylene; PP «  P olypropylene; PV C  «  Polyvinylchloride; 
EPDM  »  E thylene-propylene-dienem onoiner.
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jsjow-a-days its outdoor lifetimes depend on the use of 
photostabilizers in the case of plastics and on protective 
surface coatings in the case of wood. So any increase in the 
solar UV-content due to more ozone depletion would tend 
to decrease the outdoor service life of these materials. 
Schematic diagram of the various stages of light induced 
damage in polymers and its mitigation is shown in 
Figure 9.
Solar U ltraviolet R adiation  
4 4 4 4
Natural P olym ers
•f
Plant or animal tissue  
C onstituents
Synthetic P olym ers
-f
Stabilizers filters 
Extenders and 
other additives
L ight absorption  
E xcitation
M ITIG ATIO N  
Paints and 
coa lin gs  
opacificrs such  
ad T i0 2  light 
absorbers 
excited  state 
quenchers free 
radical 
scavengers 
anti-oxidants 
and stabilizersO x id a t io n  an d  s c i s s io n  r e a c t io n s  
D iscoloration, change in the absorbance o f  
UV  radiation, lo ss o f  m echanical integrity, 
strength and Im pact properties
figure 9. Schematic diagram of the various stages of UV-induced damage 
m polymers and its mitigation,
15. The Antarctic and Arctic aquatic ecosystem 
At high latitude variability in solar elevation, cloud cover, 
deep vertical mixing and the cover of ice and snow confound 
field results of UV-B effects on phytoplankton and the 
consequent interpretation of these results. Recent estimates 
of the effect of 50% ozone reduction on integral water 
column productivity are relatively consistent, less than 5% 
[286] and 0.7-8.5% [287] with earlier estimates (6%) [288]. 
It is reported by Neale et al [289] that an abrupt 50% 
reduction in stratospheric ozone could, as a worst case, lower 
daily integrated water column photosynthesis by as much as 
8.5%. They also noted that inhibition associated with realistic 
environmental variability can have a stronger influence on 
integrated water column photosynthesis than UV-B effects; 
vertical mixing by about i37% , measured variable sensitivity 
of phytoplankton to UV by about ±46% and cloudiness by 
about ±15%.
There are some differences between the Arctic and 
Antarctic aquatic ecosystem. The Arctic Ocean is a nearly 
closed water mass with limited water exchange with the
Atlantic and Pacific oceans. It represents 25% of the global 
continental shelf and receives about 10% of the world river 
discharge. Another difference between the Arctic and the 
Antarctic is the greater importance of macroalgae in the 
Arctic. The Arctic aquatic ecosystem is one of the most 
productive ecosystems on earth and is a source of fish and 
crust oceiins for human consumption. Both endemic and 
migratoryfpecies breed and reproduce in this ocean in spring 
and early ||ummer at a time of maximum UV-B radiations.
Produ|livity in the Arctic Ocean has been reported to be 
higher a n | more heterogeneous than in the Antarctic Ocean 
[290]. In tile Bearing Sea, the phytoplankton may experience 
relatively |iigh level of solar UV-B because of the little depth 
water andthe prominent stratification of the water layer. In 
addition, important fishes such as herring, pollock, cod and 
salmon e/tp. produce eggs in shallow waters in presence of 
this increased solar UV-B radiation. Many of the eggs and 
early larval stages are found at or near the surface. The high 
concentrations of humic substances which absorb UV-B 
strongly may change the under water light penetration 
significantly. Again UV-B is known to attack humic 
substances photochemically, alters the absorption nature of 
the water column and leads to faster uptake by bacteria and 
heterotrophic nanoflagellates [291 j. It is reported that 
phytoplankton cells larger than 2 pm are twice as sensitive 
to solar UV-B as smaller cells [292]. "I'he Arctic Ocean is 
often especially inorganic nutrient limited such as nitrogen 
and phosphorous. The nitrogen cycle controls the primary 
productivity of the marine ecosystems. Nitrogen and 
phosphorous uptake are UV-B sensitive [293], which may 
increase the UV-B sensitivity of Arctic phoytoplankton 
communities. Low doses of UV-B increases the phosphate 
uptake used probably for DNA repair,
16. Environm ental effects of ODS substitutes or 
alternatives^
A large number of chemicals are now being used or proposed 
(Table 3) as substitutes or alternatives for ODS phase out
I 'a b le  3. CFG Substitutes and their chemical name.
CFG Substitutes G hem ical nam e
L F C -3-1-10 Pcrflurobutanc
2 . F G -5 -M 4 P erfluorohexanc
3. F M -100 B rom o difluoro m ethane
4. HCFC-21 D ich lorofldoro m ethane
5. H C F C -124 1 -G hloro-1,2 ,2 ,2-tctralluorocthane
6 . H C FC -22 C hlorodifluoro m ethane
7. H C F C -I4 lb 1,1 -D ichloro-1 -fluorocthanc
8 . H C F C -142b 1 -C h loro -1,1 -diH uorocthane
9 . H C F C -143a 1,1,1 -Tritluoro m ethane
128 S K Midya and P K Jana
Table 3. (Cant'd)
CFC Substitutes Chemical name
10 HCFC- i 52a 1,1 -Dilluurocthane
11. IKTC-225ca l,l-Dichloro-l,l,2,2,3-pcntatluoropropanc
12 HCFC-225cb 1,3-nichloro-U .2,2.3-pcrUafl()uropropanc
13. UFA-132b l,243ichloro-l,l-ditluorocihanc
14, HFA-133a l-Chl()ro-2,2,2-liilluorocthane
15 HI'A-I42b Chloro difluorocthanc
16 HFC-23 Trifluoronielhane
17 HFC-32 Difluoromethane
18. HFC-125 Pcntalluorocthane
19 HFC-134a 1,1,1,2-Iclra II uoroethane
20. I IFC-227ca 1,1,1,2,3,3,3-Hcplafluorupropanc
under the Montreal Protocol and its Ammendmenls. Increased 
usage of such substitutes may also cause some environmental 
problem.
Production of Frifluoroacetic acid (TFA) : Among 
Hydrochlorofluoro-carbons (HCFCs) and hydrofluorocarbons 
(MFCs), HCFC-123 (CF2CHCI2), HCFC-124 (CF3CHFCI) 
and HCF-134a (CF3CH2F) are expected to degrade to form 
TFA. TFA can also be produced by the oxidation of other 
organoHuorine compounds released in the atmosphere by 
human activities e.g. halothane and isofluorane anesthatics. 
TFA is widely used in the chemical industry in processes 
where it is either consumed or becomes part of a chemical 
waste stream. Figure 10 shows a generalized scheme for 
production of TFA through the atmospheric oxidation of 
halogenated organic compound CF3CXYH (X ~ Cl or F and 
Y -  Cl, H, Br or CH3) [275J.
C F 3 C X yI hi ( y C O r s ) [
' H2O
CPjCXYOOH
<day«>
HO7~—-------- IMU?
— CF3CXY02(tT>ms)) i~^->'  
-------- -------- ^  L
hv NO
n-iCXYOONO: (lus)
► NO2
(cF3(ps  ^-»-fc<0)XY| 
O2
^  CF302(min«)^
( j^CXYO
“ A -
Cf3C(0)X (weeks)
rCF3~C( 0 )X l -h(C(,0r or CF3 )
TThoJ) ' ’ ^2^
HjO
|C F ,C (0 )0 H
F igu re 10. Scheme for the atmospheric oxidation of halogenated 
organic compound CF3 CXYH Typical lifetime estimates arc given in 
parentheses.
TFA is a strong organic acid with pKa of 0.23 and easily 
miscible with water. Trifluoroacetate ion is stable in the 
aqueous phase and does not undergo chemical changes e^, 
hydrolysis, photolysis or formation of insoluble salts. TFa 
high concentrations have been observed in contemporary 
water and air samples. Samples of rain and surface water 
(oceans, rivers, lakes and springs) of USA, Australia, South 
Africa, Israel, Ireland, France, Switzerland and Finland show 
that FFA is a ubiquitous contaminant of the hydrosphere 
[294 297] with values iipto 40900 mgl"* [295]. The average 
1’FA concentration in rain water observed in Bayreuth 
during 1995 was 100 rngl^ [294].
It has been observed that applications of NaTFA at lOlJO 
mgl ' to seeds of suntlower, cabbage, lettuce, tomato, 
mungbean, soyabean, wheal, coronets and rice do not eflcci 
germination [298,299]. The growths of sunflower, sowj, 
wheal, maize, oil seed rape, rice and plantain are not affected 
by the application of a solution of 100 mgl  ^ of Na ll A 
[300]. No effect on growth was observed on plantain at 32 
mgl * of Na FFA, on Triticum and soya at 1 mgl ‘ and on 
wheat at 10 mgl ’ [301,302].
HTFA is expected to be a severe irritant to the skin 
[303,304] and to the eye. It is observed that conccntralioiis 
as low as 2% were moderate skin inltartt. It is reported that 
Tl-A can cause increased liver weight and induction ot 
peroxisomes [305,306].
All three HFA-132b, -133a and 142b have a low acute 
inhalation toxicity, HFA-133a has moderately high loxiut\ 
to most systems upon repeated e.xposures with a No Observed 
Adverse Hffect Level (NOALL) or24000 mg M \  All three 
I IFCs, -32, -125 and -134a have low toxicity upon acute and 
repeated inhalation exposure in standard toxicological testing 
protocols.
All three HCFCs -21, -124 and -141b, have low acute 
inhalation toxicity and HCFC-124 and -141 have generally 
low toxicity overall. The recommended occupational standard 
for these two HCFCs is 1000 ppm. HCFC-21 demonstrates 
greater toxicity than the other two HCFCs, with liver toxicity 
and cardiac sensitization at relatively low concentrations of 
15 and 1000 ppm, respectively. The recommended 
occupational standard for HCFC-21 is 10 ppm [307].
17. Altitudinal distribution of ozone, its age and effects 
of solar parameters on Antarctic ozone depletion
Midya et al [308] in 1995 established an empirical equation 
theoretically between the variation of ozone concentration 
and time al a definite altitude considering several ozone 
formation and depletion processes. It is shown that ozone 
concentration will decrease very minutely with time for 
normal atmosphere when [O], [O2] and UV-radiation remain 
unaltered. Different rate constants for different reactions 
involved in ozone formation and depletion are also calculated.
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P ro m  this empirical equation the approximate age of ozone 
in the atmosphere of the Earth is calculated by Jana and 
Midya [309] in 1996. It is shown that the average age of 
atmospheric ozone is 1.36 x 10  ^years. It is also reported that 
altitudinal variation of nitric oxide follows nearly the same 
trend of altitudinal variation of ozone concentration up to the 
altitude of nearly 77 Km. Afterwards it follows an opposite 
trend.
Midya et at [310] in 1999 reported that yearly variation 
ot Antarctic ozone concentration in DU (Dobson Unit) and 
solar flare numbers are mainly controlled by their October 
concentrations. The nature of variation of O3 concentration 
with solar flare number is oscillatory and ozone concentration 
has slightly increasing tendency with increase of solar flare 
numbers. Midya et al [ i \ \ ]  in 2000 established empirical 
relations between different green house gases and obtained 
h)ng period data of different green house gases from known 
concentration of CO2. They showed from mathematical 
analysis that percentage contribution of N2O in O3 depletion 
IS maximum. In another communication, Midya et al [310] 
in 2000 showed that dramatic decrease of O3 concentration 
at Antarctica is independent of solar flare numbers [310], 
relative sunspot numbers [312], solar UV-flux [313] and 
solar flare index [314]. It was also shown by Midya and 
Midya [315] that Antarctic O3 concentration varies in 
oscillatory manner with solar flare numbers. Maitra et al 
[316] showed that the variation of ozone concentration is 
independent of 10.7 cm solar flux. Midya etal[^\l]  reported 
that the intensity of lithium (6708 A) also decreases with the 
depletion of ozone concentration over Antarctic survey 
stations.
18. M o n tre a l p ro to c o l  in  In d ia
It IS now well accepted that ozone is depicted everywhere 
year to year particularly at Antarctica. It is also clear from 
Kigure II for the station Halley Bay (76®S, 27°W).
Ozone concentrations are obtained from internet (website 
http://jwocky.gsfc.nasa.gov). Farman etal[ \]  also reported 
the dramatic decrease of atmospheric ozone during Antarctic 
spring time over Halley Bay (76° S, 27° W), a British 
Antarctic Survey Station (Figure 1). Now ozone depiction 
is a uni(|Me environmental problem. Tliis problem threatens 
not only! human species, but also plants and other animals 
and reqtiires very urgent international action.
Indiaibecame a party to the Vienna convention on 19th 
June, isjpl and the Montreal Protocol on substances that 
deplete Izone layer (ODS) on 17th September, 1992. The 
Ministr)! of Environment & Forests (MOHF) became the 
coordin^ing agency in India for all matters relating to the 
Montrea|i Protocol. The MOEF appointed its ozone cell as 
the NatiiDnal Lead Agency for preparation of the country 
programme. The ozone cell has proposed its country 
programme with assistance from the United Nations 
Development Programme (UNDP), the Tata Energy Research 
Institute (TERI), New Delhi, ministries, representatives of 
Industry and Scientific Institutions.
Country programme covers the following important and 
most effective aspects :
(i) To survey and investigate the number and present 
status, geographical location etc. of the sectors and 
subsectors of industrial using ODS.
(ii) To assess the'path of conversion from ODS to 
non-ODS.
(iii) To suggest phase out options, evaluation, assessment 
and selection of appropriate technologies relevant to 
small scale, small and unorganised sectors, 
demonstration, promotion of these technologies and 
practice to ODS phase out.
(iv) To estimate the reduction in ODS consumption due 
to phase out, the production of ODS and the 
requirements of ODS substitute for a definite period.
(v) To train personnel of all categories involved in 
different activities in such sectors and subsectors.
(vi) Facilitating project formulation and reviewing and 
also monitoring the implementation of phase out in 
the sectors.
India commonly produces and uses seven of the twenty 
substances under the amended Montreal Protocol.
Hgure II . O zone variation during 1979-1998 at H alley Bay (76®S, 27"W), 
British Antarctic Survey Station.
Annex A. Group 1 CFC-n (CCI3F) 
CFC-12 (CCI2F2) 
CFC-113 (C2CI3F3)
Annex A. Group II Halone‘1211 
Halone-1301
Annex B. Group II Carbon tetrachloride (CTC) 
(CCI4)
Annex B. Group ill Methyl chloroform (MCF) 
(CH3CCI3)
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Different sectors and subsectors in India are identified 
which use ODS, Alternatives or substitutes of ODS are
currently evolved. New technology for phase out ODS is also 
designed. It is clear in Table 4.
Tabic 4. The ozone depleting substances (ODS) and currently evolving substitutes or alternatives used in sectors and subsectors in industry 
in India.
SI. Sector 
No.
Subsectors Application ODS Currently evolving alternatives/substitutes
1 . Refrigeration and (a) Domestic Initial charges CFC-12 (CCl2F2) HFC-134a, HFC-fCHjCFjH) and Blends,
air conditioning Refrigerators Recharge CFC-12 Hydrocarbons (propane/butane. 
propane/isobutane mixtures)
(b) Central air con- Initial charges CFC-ll/CFC-12 HCFC-123/HFC-I34a
ditioning plants Recharges CFC-ll (CCl2F)/CTC-12 HCFC-123 (CCl2HCF4)/HFC-134a 
(CF2CFH4)
(c) Ice candy machines Initial charges CFC-12 HCFC-22. HFC-143a
Recharges CFC-12 (CCIF2H)
(d) Refrigerated cabinets Initial charges CFC-12 IIFC-134a. HFC-152a
Recharges CFC-12 Mixtures and hydrocarbons
(e) Mobile air- Initial charges CFC-12 HFC-I34a mixtures
conditioning Recharges CFC-12
(f) Others ■ Water Initial charges CFC-12 HCFC-22, HFC-134a,
cookers, Process Recharges CFC-12 HFC-152a
chikers, cold stores, 
walk-in-coolers, 
room air-conditioners, 
shipping, etc.
Hydrocarbons and mixtures
2. Foams (a) Flexible PUF 
(i) Slabstock Mattress, furniture, 
padding
CFC-11 Methylene chloride
(ii) Moulded Automotive CFC-ll
furniture
(b) Rigid PUF 
(i) Refrigeration Domestic CFC-ll HCFC-22/HCFC-142b
Insulation refrigerators. (CH4CCI4F2), HFC-134a
freezers HCFC-141b (CH3CCI2F)
(ii) General insulation Cold storage, 
boilers, building
CFC-11 HCFC-123. HCFC-141b
(iii) Thermo ware Thcrmobotllcs,
cassesoles
CFC-ll HCFC-22, HCFC-123
(c) Thermoplastic foam Fast food CFC-1 l/CFC-12 HCFC-22. CO2
polystyrene, polyolefine packaging
(d) Miscellaneous Building, shoe CFC-ll/CFC-13 —
indusuy. furniture, 
automotive 
packaging etc.
(C2CIJF3)
3. Solvents (a) Electronics and (i) CFC-113 No clean technology (e.g. LS flux
precision cleaning
(ii) CTC (CCU)
application, controlled atmosphere, 
soldering)
Aqueous cleaning
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ruble 4. (Cant'd).
Sector
\o
Subsectors Application ODS Currently evolving alternatives/substitutes
Aerosols
5 Fin
extinguishing
(b) Textile cleaning
(c) Pesticides and 
pharmaceutical
(d) Rubber industry
(e) Coating
(0 Chemicals and 
laboratory
Personal products : 
Perfumes sprays, shaving 
foam, industrial aerosols, 
silicone sprays, mould 
release, house hold 
products, room freshners. 
insecticides, automotive 
products, paints, tyre, 
inflators, pharmaceutical 
products
Fire extinguishing 
Fire extinguishing
Portable 
(partly fixed) 
fixed system
(iii) MCF (CHjCClj)
CTC
c r e
CTC
CFC-113 
MCF
C'fC
CFC-11 and 
CFC-12
Halonc-1211
Halone-1301
Cleaning process, organic non- 
halogenatcd solvents (eg. alcohol, 
ketones, glycols, esters, terpencs, 
petroleum distillators etc. along witli 
compatible fluxes), llalogcnatcd 
solvents (e g trichloroethylene, 
perchlorocthanc e/c\), pcrlluoro carbon 
e perchlorohcxane) A combination 
of the above
Chlorinated solvents, hydrocarbons 
based solvents, aqueous systems and 
Hcrcj
Process modification,
chlorinated solvents, hydrocarbons and
a combination of tlie former
(i) New sealed sysicm/rccycling 
technology (zero emissions)
(ii) New emerging technology to be 
identified
Aqueous solvents.
Chlorinated solvents, perlluro carbons, 
controlled mechanical applications
Aqueous solvents,
organic non-halogcnatcd solvents
Ifydrocarbon aerosol,
propellant (blends of destenched, LPG,
propane and n-Butanc), dimethyl ether
ABC powder, foams,
CO2, inert gases, water fog/mist, fast 
response sprinklers etc.
The estimation for the production excluding exports and 
reduction of ODS consumption for the period 1996-2010 is 
also clear from Figure 12. In the Figure 13, the requirements 
of important ODS substitutes for the said period is also 
estimated.
M ajor industria l na tio n s s ig n ed  up  to  ru les  and  ag reem en ts 
taken at th e  U n ited  N a tio n s  C lim a te  C h an g e  C o n feren ce  in 
Kyoto on 1-11 D ecem b er, 1997 o n  lim itin g  g reen  h ouse  gas
emissions. According to the third Conference of the 
Parties to the UN Frame work Convention on climate 
Change (COP-3), the overall targets adopted for green house 
gas emissions by 2008-12 are an 8% cut from 1990 levels 
for the European Union (EU), 7% for the USA, 6% for Japan 
and Canada, Australia is allowed an 8% increase, while 
Russia has a target of 0%. Compared with the oppeaning 
position of 15% for the EU, 5% for Japan, and 0% for the
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U S A , th is  seem s like a  tid y  com prom ise . A cco rd in g  to  
C O P -4 , 1998, th e  case  o f  n u c lea r p o w er m u st now  be 
con sid e red . A cco rd in g  to  W W F, th e  cu rren t ag reem en t
t/5QO
Figure 12. Estimated production of ODS and reduction ofODS consumption 
due to phase out for the year 1996“2010 in India.
Figure 13. Primary estimate of ODS substitute requirements for the year 
1996-2010 in India
w ill ach ie v e  a  2 %  c u t in g reen  h o u se  g as  em issio n s b y  
2 0 1 0 , ra th e r th an  th e  5 %  p red ic ted  u n d er th e  o rig ina l 
p ro to co l [318 ],
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